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SuIiiioiielloHis  at  Thv  Moiiiil  Sinai  Hospital: 
A  Ten  Year  Survey  (1953-1963) 

S.  STANLEY  SCHNEIERSON,  M.D.,  CECELE  HERSC'UBIOHX ;1<;H,  B.S., 
AND  RUTH  HONIGSBERG,  B.S. 

New  York,  N.  V. 

The  extensive  distrihution  of  Salmonella  microorganisms  in  nature  affords 
many  oi)i)ortunities  for  the  infection  of  humans.  Meat  from  cattle,  pigs,  chickens, 
turkeys,  and  ducks;  fish  and  shellfish;  milk  and  eggs  may  be  contaminated 
and  be  responsible  for  cases  of  Salmonellosis  when  ingested.  An  indefinite  pro- 
])ortion  of  the  general  population  are  carriers  of  the  organisms,  arc  often  symp- 
tomless, and  represent  an  infectious  hazard  to  less  immune  individuals,  especially 
when  as  carriers  they  are  involved  in  the  preparation,  handling  and  disjiensing 
of  food  or  food  pi'oducts.  Water  and  food,  when  contaminated  by  the  dropi)ings 
of  dogs,  cats,  rats,  mice  and  flies  which  may  contain  Salmonella,  may  furthei' 
be  a  source  of  contagion. 

Salmonella  infection  is  manifested  clinically  in  four  forms:  1  I  gastroenteritis, 
with  or  without  fever,  2)  septicemia,  3 )  focal  infections,  as  for  example,  osteomy- 
elitis and  aortitis,  and  4)  the  carrier  state.  All  of  the  more  than  four  hundred 
described  Salmonella  serotypes  are  potentially  capable  of  producing  these  pro- 
tean manifestations,  but  certain  serotypes  are  more  likely  to  be  associated  with 
the  last  three  forms,  as  will  l)e  shown  in  the  following  report. 

The  diagnosis  of  Salmonellosis  is  primarily  dependent  upon  the  isolation 
and  identification  of  the  etiological  organism  based  upon  its  possession  of  certain 
moi'phological,  biochemical  and  serological  properties.  These  organisms  are 
gram  negative,  usually  motile,  noncapsulated,  rodlike  bacilli  jiarticularly  char- 
acterized by  their  inability  to  ferment  lactose.  Acid  and  gas  are  produce(l  with 
glucose,  mannitol,  maltose  and  sorbitol.  Hydrogen  sulfide  production  is  var- 
iable. The  methyl  red  test  is  jiositive,  ammonium  citrate  is  usually  utilized 
and  nitrates  are  i)roduce(l  from  nitrites.  CJelatin  is  not  li(iut'fiei],  indole  and 
acetylmethylcarbinol  are  not  produced,  urea  is  not  liydrolyzed,  and  |)otassium 
cyanide  sensitivity  is  negative.  Tentative  identification  based  upon  the  al)ove 
is  confiruuMl  by  the  agglutinability  of  the  strain  under  test  with  one  of  the  vaiious 
Salmonella  group  antisera.* 

The  exact  incidence  of  Salmonellosis  is  unknown.  Diarrhea,  which  is  the  prime 
symptom  of  the  gastroentei  itis  form,  is  a  common,  often  self-limited  occurrence. 
Only  in  those  cases  where  cultures  arc  performed  can  the  i)recise  diagnosis  be 
established.  In  i)ratice  the  number  of  requests  for  this  laboratory  ])rocedui'e  is 

From  the  Department  of  ]Microl)iolog.v,  The  jMount  8inai  Hospital,  New  York,  N.  Y. 
*  The  Sahnonolla  identity  and  serotype  of  all  strains  included  in  this  survey  were  kindly 
verified  by  the  New  Y'ork  Sahnonella  Center  at  Beth  Israel  Hospital,  New  Y'ork,  N.  Y. 
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hiu;lily  ^■;ll■i;ll>k■,  ilcpcnilinii;  to  a  liyvj^v  tlvj^vw  upon  tlir  sll^l)i(•ioll  of  the  clinician. 
Ki'cent  rc'i)oits  indicate  an  incrca.sc(l  incidence  of  Salmonella  infections  other 
than  those  caused  by  S.  typhosa,  hnt  oth(>r  factors  may  he  resj)onsihle  for  this 
appai-ent  I'ise  (1  to  3l.  These  include  the  de\'(.'lopnient  of  refinements  in  lahora- 
toi-y  methodology  resulting  in  a  greater  number  of  positive  identifications  as  well 
as  an  increased  awai'eness  on  the  pai't  of  the  clinician  as  to  ])ossil)le  Salmonella 
etiology,  to  the  eflVct  thai  moic  cidtui'es  may  be  reciuested.  .More  com|)lete  re- 
porting of  cases  may  also  have  been  contril)utory. 

During  the  ten-year  i)eriod,  fi'om  midyear  1953  to  midyear  1963,  240  Salmo- 
nella isolates  were  obtained  in  the  Bacteriology  Laboratory  of  The  Mount  Sinai 
Hospital  from  229  patients.  A  ntunber  of  strains  of  the  same  serotyi)e  were  re- 
covered from  more  than  one  site  in  the  same  patient,  e.g.,  stool,  l)lood,  and 
urine.  Pertinent  data  derivecl  fi'om  the  involved  jiatients  were  analyzed  and 
the  findings  in  this  regard  form  the  basis  for  the  present  rejiort. 

Identity  of  the  Salmonella  serotypes  cultured  as  well  as  the  sites  from  which 
they  were  recovered  are  tabulated  in  Table  I. 

Considei'ing  the  sci'otype<.  S.  typhiniurium  accounted  for  the  greatest  number, 
69  or  29.8'r  of  the  total.  S.  typliosa  w  as  recovered  from  19  ])atients  from  2")  body 
sites.  Nine  of  the  ten  S.  derby  strains  were  isolated  within  a  three  months' 
period  early  in  1963  at  which  time  a  number  of  hosi)ital  outbreaks  involving 
this  strain  were  pre\'alent  throughout  the  Middle  Atlantic  States.  The  ntunber 
and  distribution  of  the  remaining  serotypes  isolated  aie  indicated  in  the  table. 
Three  strains  were  classified  as  "Salnioni'lla,  non-typable,"  since  they  i)ossessed 
the  characteristic  morphological  and  biochemical  pro]ierties  of  Salmonella, 
but  their  roughness,  resulting  in  spontaneous  agglutination,  iirecluded  the 
possibilty  of  their  being  gi'ouped  or  typed  by  Salmonella  antisera.  Most  strains 
were  recovered  from  the  .-tool  (70'^r  l  l)ut  a  significant  number  were  isolated 
from  the  blood  (16.3''^  I.  The  remainder,  as  may  be  noted,  were  cultured  from 
a  ^•ariety  of  soin-ces. 

Definitive  conclusions  as  to  increased  or  decreased  incidence  of  Salmonellosis 
at  The  Mount  Sinai  Hospital  could  not  be  reached  l)y  compai'ing  the  total 
number  of  isolates  obtained  in  the  first  and  second  half  of  the  ten-year  study 
l)eriod.  One  hundred  and  se\-en  stool  isolates  were  achieved  during  the  first 
pei'iod,  133  in  the  second;  but,  con>idei'ing  positive  blood  cultui'es,  23  versus 
16  resjiectively  were  obtained  duiing  the  same  intervals. 

Because  of  the  pi('\  ailing  general  imi)re!<sion  that  Salmonellosis  is  associated 
with  poor  sanitation,  considei'ation  was  given  to  the  socio-economic  status 
of  each  jiatient.  Findings  in  this  regard  are  listed  in  Table  II, 

The  status  of  5  patients  could  not  be  determined.  Eighty-four  were  classified 
in  the  liighei'  category  (pri\-ate,  semi-private  and  private  patients  of  outside 
physicians)  as  compared  to  116  from  the  wards,  ()ut-])atient  Department  and 
Reception.  Five  positive  cultures  were  obtained  from  hospital  employees,  .'<ome 
of  whom  woi'ked  in  the  Dietary  Department.  Sixteen  strains  were  cultured  from 
nurses  and  2  from  house  staff  physicians.  All  these  strains  were  recovered  from 
stool  culture,  ordered  mainly  for  gastroenteritis  associated  with  diarrhea. 
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Hill inoiicUd  Scroliipcs  Cultured  at  The  Moiiiil  Siimi  Hospital  Durimi  Piist  1(1  Ycdrn 
aiitl  liiithj  Sites  from  Which  'J'hci/  Were  Isolated 


Salmonella  Tvpc 

Total  Number 

Sites  of  Isolation 

Stool 

Blood 

Urine 

Miscellaneous 

Albany 

1 

1 

Anatuni 

5 

4 

1 

Bareilly 

6 

4 

1 

Blockley 

5 

4 

1 

1 

liraendcrup 

2 

2 

Choleraesuis 

8 

1 

4 

1 

abd  on  1 1 11  ;i  1   \v;di   nh-  1 

scess 

chest  wall  fluid  1 

Derby 

10 

10 

Enteriditis 

11 

9 

1 

rectal  swab  1 

Heidelberg 

13 

9 

3 

lung  culture  1 

Infantis 

5 

4 

1 

Lenta 

1 

1 

Litchfeld 

2 

2 

Minnesota 

1 

wound  1 

Montevideo 

8 

7 

1 

Muenc  hen -Oregon 

2 

1 

rectal  swab  1 

New  Brunswick 

1 

1 

Newington 

5 

3 

1 

wound  1 

Newport 

18 

17 

1 

Norwich 

1 

1 

Oranienburg 

8 

3 

4 

gall  bladdei' aspirate  1 

Panama 

1 

1 

Paratyphi  A 

3 

3 

San  Diego 

3 

2 

vagina  1 

Saint  Paul 

3 

2 

wound  1 

Senftenberg 

4 

4 

Taksony 

9 

9 

Tennessee 

1 

1 

Thomasville 

1 

1 

Thompson 

5 

4 

1 

Typliimnriuin 

69 

48 

14 

2 

thoracic  fluid  1 

rectal  swab  3 

abscess  1 

Ty  pliosa 

25 

7 

8 

1 

bone  3 

gall  bladder  stone  1 

gall  bladder  aspirate  1 

bile  culture  ] 

duodenal  drainage  1 

peritoneal  fluid  1 

wound  1 

Non-typabie 

3 

2 

I 

Totals 

240 

168 

39 

9 

24 
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Serotypes  isolated  from  the  nurses  were  S.  taksony,  5,  S.  montevideo,  3,  S. 
tyi^hiinurium,  2,  and  one  each  of  S.  anatiun,  S.  heidelberg,  S.  senftenberg,  S. 
tennessee,  S.  thoniasville  and  8.  derby,  and  from  tlie  liouse  physicians  one  each 
of  S.  ne\vi)ort  and  S.  newington.  The  rehitivt'ly  high  incidence  of  i)ositive  Sal- 
moneUa  isohites  among  nurses  may  indicate  greater  risk  on  tlieir  part  as  a  conse- 
(luence  of  close  exposure  to  overt  or  covert  cases;  however,  their  own  usually 
closely  supervised  medical  care  might  liave  resulted  in  more  cultures  being 
ordered  in  the  presence  of  symptoms,  so  that  more  positive  diagnoses  were  made. 
One  patient,  from  whom  a  S.  typhosa  strain  was  recovered,  was  a  technician 
in  the  Bacteriology  Laboratory  who  had  worked  upon  specimens  from  a  patient 
in  the  hospital  with  typhoid  fever  and  later  contracted  the  disease. 

TABLE  II 


Socio-economic  Status  of  229  Patients  with  Salmonella  Infections 


Status 

Number 

Per  cent  of  Total 

Ward,  OPD  and  Reception 

116 

50.7 

Private,  Semi -private  and  Private 

84 

36.6 

Out-patient 

Hospital  Employee 

5 

2.2 

Nurse 

16 

7.0 

House  Physician 

2 

0.9 

Laboratory  Teclinieian 

1 

0.4 

Unknown 

5 

2.2 

Total 

229 

100.0 

SALMONELLA  .SEPTICEMIA 

Thirty-nine  of  the  Salmonella  strains  were  derived  from  the  blood  in  39  pa- 
tients. During  their  hospitalization,  more  extensive  case  histories  were  available, 
thereby  providing  more  detailed  data  for  analysis.  Considering  the  types  of 
Salmonella  isolated  from  the  blood,  S.  typhimurium  was  obtained  14  times, 
S.  typhosa  8  times,  S.  choleraesuis  and  S.  oranienburg  4  times  eacli,  S.  heidelberg 
3  times  and  a  number  of  other  types,  one  each  (Table  I). 

The  vital  statistics  of  these  patients  are  contained  in  Table  IIL  As  may  be  ob- 
served in  the  table,  the  age  distribution  was  broad,  as  were  the  other  factors 
listed,  but  a  distinct  majority  were  white  males  of  the  lower  economic  class. 

Although  Salmonella  septicemia  may  occur  in  previously  healthy  peojile, 
as  for  example,  in  acute  tyjihoid  fever,  it  is  well  known  to  be  associated  with 
other  disease  entities.  Other  predisposing  or  associated  diseases,  often  of  a 
serious  nature,  were  i)resent  in  a  fair  proportion  of  the  iiatients  in  this  series 
as  may  be  noted  in  Table  IV. 

Thus,  while  no  other  recorded  illness  was  jiresent  in  24  patients,  15  did  suffer 
from  a  variety  of  disease  states.  The  concomitant  existence  of  severe  hemato- 
logical disorders  in  a  number  of  the  patients  is  particularly  noteworthy. 

The  involved  patients  presented  a  variety  of  .symptoms  and  signs  (Table  V). 
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TABLE  III 


Vital  Slatislics  of  39  Patients  with  Saintonella  Septicemia 


Number 

Per  cent  of 
Total 

Age 

up  to  1  .year 

7 

IS.O 

13  mos-5  yrs 

7 

1  ft 

6-10  yrs 

5 

12.8 

11-19  yrs 

3 

7.7 

20-49  yrs 

8 

20.5 

over  50  yrs 

if 

Sex 

niiile 

24 

61.5 

female 

15 

38.5 

Race 

white 

24 

61.5 

Puerto  llicau 

8 

20.5 

colored 

7 

18.0 

Socio-economic  Status 

ward 

23 

59.0 

semi-private  pavilion 

11 

28.2 

private  pavilion 

5 

12.8 

TABLE  IV 

Predisposing  or  Associated  Diseases  of  Salmonella  Septicemia  Patients 
No  predisposing  or  associated  disease — 24 

Biliary  cirrhosis  and  giant  cell  hepatitis 
Acute  lymphatic  leukemia 
Heroin  addiction 
Cooley's  anemia 

Post-gastroenterostomy  and  vagotomy  for  peptic  ulcer — 5  years 
Post-gastrectomy  for  peptic  ulcer  5  years  and  post  cholecystectomy 
2  years 

Congenital  sui)lu.\ation  of  hi]) 

Chronic  myelogenous  leukemia 

Acute  purulent  otitis  media — 2  weeks 

Leukemia  and  Gaucher's  disease 

Carcinomatosis 

Chronic  myelocytic  leukemia 

Hodgkin's  disease 

Chronic  anemia  and  splenomegaly 

Mental  retardation  and  endocrine  disorder 


Fever,  usually  liiy;li,  was  the  most  prominent  symptom,  although  four  patients 
failed  to  demonstrate  any  elevation  in  temi)erature  throughout  the  course  of 
their  infection.  Gastroenteritis,  manifested  by  diarrhea,  was  present  in  13  only. 
None  of  the  symptoms  or  signs  listed  are  exclusively  ])athognomonic,  for  Salmon- 
ella septicemia  and  its  diagnosis  was  established  almost  invariably  through  a 
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l)Ositi\'('  hlood  culture  oidciTil  because  of  sudden  elevation  in  temperature,  or 
because  oi'  i)ersistent  fever. 

A  large  number  of  the  l)lo()(l-deri\-ed  Salmonella  strains  were  tested  in  the  lab- 

TABLE  \- 

Presenting  Signs  or  Syinp/diiif:  in  Histories  of  Sdlnioiiclla  Srp/irciiiia  1'utien.ls 


Fever  35 

Diarrhea  13 

f'hills  (ir  chilly  feelings  10 

HliHuiy  stools  8 

X'oinitiiig  7 

Abdominal  pain  oi-  distress  6 

Nausea  4 

Anorexia  4 

Malaise  4 

Headache  4 

Roseola  3 

Hemateniesis  2 
Mental  disturbances  oi-  disorientation  2 

Weight  loss  2 

Dizziness  2 

Slight  icterus  2 

Constipation  1 

Darkly  colored  urine  1 

Herpes  labialis  1 

Calf  ])ain  1 

Pain  in  tup  1 

Pain  in  knee  1 


TABLE  \l 

Anlihiolir  Siisctpliljililij  oj  Sdhiionellu  Strains  Jsolatcd  fraiii  the  Bhiml 


Antibiotic  Susceptibility 

Antibiotic 

Number  of  Strains 

Tested 

Moderately 
Resistant 

Sensitive 

Resistant 

Chloramphenicol 

28 

28 

Tetracycline 

24 

18 

2 

4 

8f  re]_)toniyciu 

18 

10 

3 

5 

Neomycin 

11 

11 

Nitrofurantoin  (Furada  nt  in  ) 

8 

8 

Furazolidone  (Fiu-oxonej 

5 

5 

Polymyxin 

6 

5 

1 

Colimycin 

2 

2 

Sulfonamide 

3 

1 

1 

1 

oratory  for  their  susceptibility  to  a  variety  of  antimicrobial  agents;  the  results 
of  these  assays  are  summarized  in  Taljle  VI. 

All  the  strains  tested  were  sensitive  to  chloramphenicol,  neomycin,  nitrofuran- 
toin I  r'uradantin  I  and  furazolidone  (Furo.xonel.  A  hi^h  dejj;ree  of  suscei)ti- 
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l)ility  to  tcti';ic>'cliiic  and  |Kilyiiiy\in  w  a-  picsciil  aiiumjj;  tlimi  hul  only  10  (if 
the  18  strains  tested  were  found  to  be  sensitive  to  strei)toniyein.  Too  few  strains 
were  tested  against  colimycin  and  sulfonamides,  so  that  significant  eonclusions 
as  to  the  anti-Sahiionella  activity  of  these  conij)ounds  coukl  not  l)e  obtained. 

Sei'uin  agghitinin  titei's  against  stock  SahiioneUa  strains  or  against  the  organ- 
ism isohitcfl  from  the  i)atient  wei'e  detei'iuined  in  22  of  these  cases.  Titers  of 
1:160  or  highci'  were  observed  with  9  only.  Some  faiU'd  to  demonstrate  any 
antii)ody  titer.  Tliese  negative  or  low  titers  may  well  have  been  tlie  result  of 
early  treatment  resulting  in  the  rapid  ehniination  of  bacterial  antigen  capable 
of  eliciting  agglutinin  production.  In  some  of  the  patients,  the  possible  existence 
of  immunological  defects  as  a  result  of  associated  disease  that  rendered  them 
incapable  of  reacting  to  antigenic  stimulation  must  also  be  considered.  Finally, 
a  large  number  of  the  sera  were  drawn  and  sent  to  the  laboratory  for  test  within 
2  to  5  days  after  the  on-set  of  fever,  much  too  early  for  diagnostic  antibodies 
to  be  produced. 


TABLE  \  II 

Coiiiplicutions  Observed  with  39  Salnionclla  Septicemia  Palienls 


None 

23 

Death 

7 

Persistent  stool  currier  state 

5 

(3  S.  oranienlnirg,  1  S.  anatum 

and  1  S.  typhinuiriuni) 

^Destructive  spine  lesion — 2  iiios  :il'ter  acute  epi- 

1 

sode 

*Mycotic  aneurysm  of  popliteal  artery 

1 

*Ruptured  dissecting  aortic  aneurysm — 4  yrs 

1 

after  acute  episode 

*Parotid  abscess — 2  weeks  after  acute  episode 

1 

*  Salmonella  etiologj^  not  established. 


The  complications  observed  in  i)atients  with  positive  Salmonella  blood  cultures 
are  enumerated  in  Table  VII. 

Despite  vigorous,  intensive  treatment,  there  were  seven  deaths  in  this  series, 
a  gross  mortality  rate  of  17.9%.  A  number  of  these  deaths  could  be  attributed 
to  the  Salmonella  septicemia  per  se  (Table  VIII,  cases  2  and  3  and  perhaps 
case  1),  but  the  demise  in  the  others  can  with  justification  be  ascribed  to  the 
severe  associated  disease,  even  though  the  septicemia  may  have  jilayed  a  ter- 
minal, last-straw  role.  S.  ty])himurium  was  involved  in  five  of  the  seven  deaths. 
Some  of  the  patients  were  on  corticosteroid  therapy  for  their  primary  disease 
which  may  have  resulted  in  the  terminal  dissemination  of  a  latent  local  focus. 
Five  patients,  despite  treatment  with  a  number  of  different  antibiotics  to  which 
their  organisms  were  found  to  be  sensitive  in  vitro,  were  persistent  stool  cari  iei-s 
at  the  time  of  discharge,  even  though  their  blood  cultures  were  negative  and 
they  were  symptomless.  Evidence  of  focal  lesions  was  manifest  in  four  patients, 
including  one  with  possible  osteomyelitis  and  two  with  aneurysms.  These  are 
known  to  occur  occasionally  among  patients  with  .systemic  Salmonellosis.  How- 
ever, the  specific  bacteriological  identification  of  the  organisms  responsible 
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for  the  lesions  in  these  patients  was  not  uscei'tained,  so  that  theii'  SahnoncUa 
etiology  remains  sjjeeuhitive. 
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StMjuciicc  of  Recovery  from  Multiple  Maiiifeslalioiis 
of  Folie  Aeid  Defi<*ieiiey 

KARTH  HOOC;STRATEN,  M.D.,  JANET  CUTTNER,  M.D„  and 
BENJAMIN  NATOVITZ,  M.D. 

New  Ynil:.  X.  y. 

When  i)atiL'nts  with  iiiai'kcil  folic  acid  deficiency  are  ti'eated  witli  folic  acid,  it 
has  been  generally  accepted  that  the  initial  effect  is  manifest  on  led  cell  pre- 
cursors. The  change  from  a  megaloblastic  bone  mari'ow  to  normoblastic  erythro- 
poicsis  with  subsequent  rcticulocytosis  and  eventual  normalization  of  the  hema- 
globin  has  been  emphasized.  On  the  other  hand,  rajnd  increase  in  the  platelets 
and  white  blood  cells  prior  to  the  maximum  reticulocyte  peak  has  been  observed 
in  two  patients  with  megaloblastic  anemia  of  pregnancy  treated  with  conven- 
tional doses  of  folic  acid.  The  folic  acid  effect  on  hematopoiesis  initially  observed 
in  the  myeloid  cells  and  megakaryocytes,  thus,  may  be  indicative  of  the  different 
metabolic  activity  manifested  by  these  specific  marrow  cells. 

To  test  this  hypothesis  a  patient  with  multii)le  manifestations  of  i^ui'e  folic 
acid  deficiency  was  treated  with  oral  microdoses  of  folic  acid  and  her  course 
carefully  followed. 

METHODS 

Complete  blood  counts  wei'e  performed  by  standard  methods  e^■ery  two  or 
three  days,  while  reticulocyte  counts  and  red  cell  indices  were  determined  more 
frequently.  Reticulocytes  were  counted  using  the  dry  method  with  brilliant 
cresyl  blue.  Serum  folic  acid  activity  (SFAA)  and  vitamin  Bn.  activity  were 
determined  microbiologically  using  Lactobacillus  easel  (1)  and  Euglena  gracilis 
(2|  respectively  as  the  assay  organism.  Serum  iron  and  total  iron  binding  capac- 
ity (TIBC)  were  measured  by  a  modified  Ramsay  technique  (31  and  by  the 
Ventura  technique  (4)  respectively.  Serum  haptoglobin  level  was  determined 
by  the  nietliemogloi)in  method  (5). 

CASE  REPORT 

A  33  year  old  Puerto  Rican  female  was  admitted  to  The  Mount  Sinai  Hospital 
for  the  first  time  on  March  3,  1962.  Her  diet  consisted  mainly  of  bread,  junto 
beans,  polished  I'ice,  cheese  and,  on  occasion  pork  meat.  She  had  had  four  preg- 
nancies; noi'mal  cliildicn  were  born  in  1956,  1958,  1960  and  on  January  11,  1962. 
All  these  chiklren  wi're  l)reast  fed.  During  the  pregnancies  she  never  visited  a 
prenatal  clinic.  At  the  time  of  the  last  delivery,  the  hemoglobin  was  6.1  Gm% 
and  she  complained  of  easy  fatigability,  headaches  and  dizziness.  During  the 
two  weeks  jirior  to  admission  her  mouth  became  sore,  there  was  dysi)hagia, 

From  tlip  D('))artiiient,<  of  Hematology  and  Medicine,  Tlie  Mmint  Sinai  Hosjiital,  Now 
Voik,  \.  Y.  Aided  in  part  by  USPHS  grant  CA04457,  National  Canc(>r  Institute,  and  by  the 
A 11  li  lt  A.  List.  Ficdciick  Macklin  and  .\nna  Eutli  Lo\vonl)(Mg  Fnnd.^. 
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MANIFESTATIONS  OF  FOLIC  ACID  DEFICIENCY  11 

daily  I'lucsij;  and  a  few  loose  liowcl  iii()\'cinciits  each  day.  She  had  lost  twelve 
pounds  in  weight  in  three  weeks. 

Physical  examination  showed  a  pale  woman  who  was  dei)ressed,  torj^etlul  and 
sullen.  The  tongue  was  smooth  with  poorly  papillated  edges.  The  heart  was  of 
normal  size  and  there  was  a  precordial  systolic  murmur.  The  liver  and  spleen 
were  enlarged  to  4  cm  below  the  costal  margins.  The  skin  was  normal.  The  nails 
were  brittle.  Neurologic  examination  revealed  no  abnormalities.  Several  large 


DAYS    2     4     6     8     10  2     4     6     8     10     T     2     4     6     8    10  T  1 2    14  16 


PGA 

5  mg. 

IMFERON  50  mg. 

1      P  G  A    50  >ig 

DAILY 

FOLIC  ACID  POOR  DIET 

REGULAR  DIET 

Fig.  1.  Clianges  in  periptieral  blood  and  weight  correlated  witli  tn-afniciit. 

liemorrhages  were  noted  in  both  eye  grounds.  The  electrocardiogram  showed 
diffuse  ischemic  changes. 

The  i)eriphcral  blood  examination  revealed  the  red  blood  cell  count  to  be 
860,000/mm^  hemoglobin  2.6  Gm%,  hematocrit  8.5%  (Fig.  1).  The  WBC  was 
4,950/mm-^  with  60%  neutrophils,  35%  lymphocytes,  1%  eosinophils,  2%  meta- 
myelocytes and  2%:  myelocytes.  The  platelet  count  was  49,000/mm^  and 
the  reticulocytes  were  7.8%  (67,000/mm'M .  Thirteen  normoblasts  per  100  WBC 
were  present.  Macrocytosis,  macro-ovalocytes,  fragmented  red  cells  and 
hypersegmented  neutrophils  were  seen  on  the  smears.  A  sternal  marrow  aspira- 
tion showed  megaloblastic  erythroid  hyperplasia  with  large  metamyelocytes  and 
a  myeloid-erythroid  ratio  of  1.67:1  (Fig.  2A).  Alkali  resi.stant  hemoglobin  was 
1.8%  and  hemoglobin  electrophoresis  sliowed  only  A  hemoglobin.  Free  acid  was 
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present  in  the  t^astric  jiiici'  only  after  nia.xiniuni  liistaniint'  stimulation.  Tests 
for  malal)sor])tion  including  xylose  tolerance,  vitamin  A  tolerance,  blood  carotene 
level  and  72-liour  fecal  fat  excretion  were  all  within  normal  limits.  As  shown  in 
Table  I,  the  SFAA  and  haptoglobin  levels  weic  very  low,  while  the  serum  vitamin 
Bi2  level  was  above  the  lower  limit  of  normal.  The  serum  iron  and  TIBC  were 
elevated.  Urinalysis  was  normal  and  the  stool  was  negative  for  occult  blood,  ova 
and  parasites.  The  blood  urea  nitrogen,  sugar,  bilirubin,  SGOT,  alkaline  phos- 
phatase, cejihalin  flocculation,  serum  albumin  and  globulin  were  all  normal. 

The  patient  was  considered  to  have  pure  folic  acid  deficiency  and  the  course 
of  treatment  was  divided  into  three  phases. 

Phase  I:  On  admission  the  patient  was  placed  on  a  2500  calorie  diet  consisting 
of  folic  acid-free  casein  and  high  dextrin-carbohydrate:  rice  boiled  three  times, 
white  meat  of  chicken,  jello,  black  coffee  and  water.  This  diet,  similar  to  the 
one  used  by  Herbert,  contains  about  5  fig  of  folic  acid  (6 1.  On  the  first  day  she 

TABLE  I 


Changes  in  SFAA,  Bi^  ,  Iron,  TIBC  and  Haptoglobin 


Date 

SFAA  m/ig/ml 

(7-25) 

Serum  Vit.  B12 

(200-900) 

Serum  Iron  ng% 
(75-150) 

TIBCyug% 
(300-450) 

Haptoglobin  mg% 
(75-175) 

3/3 

1.0 

225 

203 

520 

15 

3/15 

2.1 

288 

223 

490 

14 

3/26 

1.9 

244 

183 

480 

12 

3/27 

24.0 

208 

4/2 

146 

486 

4/6 

7.1 

200 

50 

477 

22 

4/11 

4.1 

120 

12 

5/15 

12.4 

328 

72 

407 

200 

received  a  transfusion  with  two  units  of  packed  red  cells  to  alleviate  the  cardiac 
stress.  Ascorl)ic  acid  and  the  other  B  vitamins  were  given  daily.  After  a  control 
period  of  twelve  days,  the  hemoglobin  had  dropped  1.9  Gm'^f ,  thrombocytopenia 
had  not  changed  and  there  was  a  more  severe  neutroix-nia.  The  percentage  of 
reticulocytes  had  leveled  of!'  to  2.2'^c  (49,400  nmrM  and  the  bone  marrow  was 
markedly  megaloblastic  (Fig.  2Bl.  The  patient  continued  to  lose  weight,  and  to 
have  diarrhea  and  vomiting.  The  eye  grounds  now  revealed  exudates  in  addition 
to  the  hemorrhages. 

Phase  II:  After  the  twelfth  day.  50  /ng  of  P.G.A.  (synthetic  folic  acid  I  were 
added  daily  by  mouth  without  the  knowledge  of  the  jiatient  while  she  was 
maintained  on  the  same  low  folic  acid  diet.  Changes  were  noted  almost  immedi- 
ately and  consisted  initially  of  a  marked  change  in  the  mental  pattern.  Within 
six  hours  the  patient  felt  much  l)etter  and  conversed  readily.  The  weight  loss  was 
checked  and  she  gained  three  i^ounds  in  twelve  days.  The  soreness  of  the  mouth 
disappeared  on  the  second  day  and  i)apillation  of  the  tongue  was  normal  by  the 
tenth  day. 

Platelet  rise  was  i)roinpt  and  the  count  normal  on  the  fourth  day.  On  the 
seventh  day  the  WBC  was  normal  and  subsequently  rose  to  higher  than  normal 
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levels.  During  twelve  days  of  oral  folie  acid  adiiiinistratioii,  no  effective  reticulo- 
f'vtosis  was  noted  and  the  hemoglobin  and  lieniatoorit  remained  the  same.  The 
bone  marrow  was  still  megaloblastic  (Fig.  20).  The  SFAA  was  1.9  m^ng  on  the 
twelfth  day.  The  second  phase  ended  when,  in  the  afternoon  of  that  day,  the  pa- 
tient had  a  convulsive  seizure.  Immediately  afterwards  the  serum  calcium,  phos- 
phorus, jiotassium  and  glucose  were  at  normal  levels.  On  careful  examination  no 
focal  neurologic  abnoi  iiialit v  could  be  found. 


F  Mm 

Fic.  2.  ]5(iii('  luairow  liliiis.  (A)  Dav  1  of  Phase  I.  Mcgalohlasts  anil  large  inctamvelocvte. 
(B)  Day  12  of  Phase  I.  Marke<l  inegal()i)last(jM>.  ((')  Day  12  (.1  Pliase  II.  Megaloblastic 
change.s  .still  piesent.  (D)  Day  45  of  Piiase  III.  Xesi  of  normal  erylhropoiesi-s. 

Phase  III:  After  blood  was  obtained  for  determination  of  SFAA,  serum  iron 
and  vitamin  Bi^,  5  mg  of  P.G.A.  was  given  by  mouth  and  a  normal  diet  started. 
There  was  an  immediate  rise  of  the  reticulocyte  count  which  was  sustained  at 
about  7%  for  three  days.  During  those  days  the  w^iite  cells  doubled  in  number 
and  fell  to  a  normal  level  on  the  fourth  day,  at  which  time  the  reticulocytosis  be- 
came more  evident  and  reached  a  maximum  of  30''?  (891,000/mm^)  on  the  fifth 
day.  This  was  followed  by  a  rise  of  the  hemoglobin,  hematocrit  and  red  cells.  On 
day  11,  the  serum  iron  had  drojjped  to  50  gamma  "ye  and  the  patient  w'as  given  50 
mg  of  iron  intramuscularly.  In  Phase  III  the  patient  gained  seven  and  one-half 
pounds  wdiile  in  the  hosi)ital.  She  was  discharged  and  advised  to  eat  fresh  folic- 
acid  rich  food.  She  returned  one  month  later  with  a  normal  blood  count  and 
marrow  (Fig.  2Dj.  The  sei'um  iron  was  still  low,  while  the  serum  vitamin  Bjo 
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level,  wliicli  liad  dropped  to  120  mig,  \)vv  nil,  was  now  328.  The  liver  and  spleen 
wei'e  no  louiicr  ])al|)al)le  and  the  heai't  luin-nnir  had  disaiijieared. 

COMMENTS 

Thi'ee  faetoi's  contributed  to  the  development  of  tlu'  folic  acid  deficient  state 
in  this  patient:  1  I  poor  diet,  2)  rejieated  pregnancies  and  3)  breast  feeding.  The 
]H'inci])al  factor  no  doubt,  is  the  jioor  diet  with  the  additive  vitamin  demands  of 
the  growing  fetus  leading  to  a  rapid  development  of  the  deficiency  state  (7). 
Lactation  leukopenia  has  been  known  to  occur  in  rats  fed  a  purified  diet  to  which 
sulfasuxidine  was  added;  this  could  be  effectively  jirevented  by  P.G.A.  adminis- 
tration ( 8 1 . 

Most  of  the  manifestations  of  severe  folic  acid  deficiency,  including  the 
pancytopenia,  weight  loss,  vomiting,  diarrhea,  soreness  of  the  mouth,  smoothness 
of  the  tongue,  the  retinal  hemorrhages  and  enlargement  of  liver  and  spleen  have 
been  described  in  man  and  in  animals  placed  on  a  folic  acid  free  diet  (9  to  11). 
In  addition,  our  ]iatient  was  depressed,  forgetful  and  sullen.  The  convulsive 
seizure  which  occurred  while  the  patient  was  still  folic  acid  deficient  may  be  of 
significance.  Zalusky  and  Herbert  reported  a  syncoi)al  ejnsode  in  their  patient 
(12) .  It  is  of  interest  that  treatment  with  folic  acid  can  reduce  the  numl)er  of  fits 
in  epile])tics  with  anemia  (13).  The  anemia  in  these  patients  is  macrocytic  and 
caused  by  folic  acid  deficiency  secondary  to  anticonvulsant  drugs. 

Rather  than  use  the  conventionally  large  dose  of  folic  acid  which  could  mask 
the  sequence  of  recovery,  a  microdose  of  50  /xg  was  u.scd.  Recently  Shcehy,  et  al. 
reported  hematologic  improvement  in  jiatients  with  trojncal  sprue  by  adding 
25  to  50  jjLg  of  folic  acid  to  the  normally  poor  diet  of  their  patients  (141 .  Zalu.sky 
and  Herbert  obtained  response  with  50  /ig  a  day  intramuscularly  in  a  scorbutic 
patient  with  folic  acid  deficiency  (12).  Their  patient  was  maintained  on  a  folic- 
acid-free  diet  supi)lemented  with  ascorbic  acid  and  the  other  B  vitamins.  The 
most  immediate  effect  of  folic  acid  in  our  jiatient  was  the  change  in  personality 
within  six  hours  after  the  first  microdose.  This  change  is  sinnlar  to  that  observed 
l)y  Hei'bert  (6).  The  cessation  of  weight  loss  and  the  subsequent  weight  gain 
while  in  Phase  II  can  be  attributed  solely  to  the  addition  of  folic  acid  to  the  diet. 
There  was  a  small,  noneffective  rise  of  the  reticulocyte  count  during  a  period 
while  the  platelet  and  white  cell  count  returned  to  normal  levels.  No  changes  of 
the  hemoglobin  and  hematocrit  occurred  during  Phase  II  and  the  serum  iron  did 
not  change  significantly.  A  rise  of  the  WBC  and  no  increase  of  the  hemoglobin  as 
found  here  has  only  been  reported  in  animals  (15).  Mention  has  been  made  that 
the  platelet  count  may  begin  to  rise  prior  to  the  maximal  reticulocyte  response 
in  some  patients  with  pernicious  anemia  when  treated  with  vitamin  B12  (16). 
The  rapid  rise  of  tlu'  jjlatelet  and  white  blood  cell  count  had  previously  been 
observed  in  two  of  our  patients  with  megaloblastic  anemia  of  pregnancy.  In  the 
first  patient,  one  day  after  receiving  30  mg  of  P.G.A.  intramuscularly,  the 
platelet  count  rose  from  16,000/mm^  to  56,000/nnn'\  while  the  WBC  rose  from 
a  pretreatmcnt  level  of  1,200  to  a  normal  level  prior  to  the  reticulocyte  peak.  In 
the  second  ])atient,  the  platelet  count  I'ose  fi'om  a  level  of  94,000  to  598,000  and 
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the  WBC  from  4,100  to  7,400  in  two  days.  Maxiiuuiu  icticulocyti'  response 
occurrod  on  the  sixth  day.  Sawitsky  has  observed  simihir  rapid  increase  of  phite- 
lets  and  WBC  before  a  rise  in  reticulocytes  when  foUc  was  given  to  a  patient  with 
severe  megaloblastic  anemia  during  the  puerpcrium  (SFAA  was  1.4  m/ig/ml) 
(171. 

Indirect  confirmation  of  this  pi'eferential  ujitake  of  folic  acid  by  ])latelets  and 
white  cells  over  red  cells,  has  been  found  l)y  Herbert  (6).  After  a  long  period  of 
folic  acid  dejiletion,  he  noticed  a  droj)  of  the  red  blood  cell  count  and  percentage 
of  reticulocytes,  whereas  the  platelets  and  white  cells  remained  at  normal  levels. 
In  Phase  III,  the  serum  iron  level  fell  as  expected  (18).  The  fall  in  the  serum 
vitamin  Bio  level  was  significant.  This  interrelation  of  folic  acid  and  vitamin 
Bi2  has  been  observed  previously  (19 1.  Although  the  serum  bilirubin  level  was 
normal  throughout  this  study,  the  low  haptoglobin  values  indicated  increased 
breakdown  of  hemoglobin-containing  cells  (20). 

It  is  possible  that  50  /xg  of  folic  acid  orally  per  day  might  have  been  sufficient 
to  cause  a  complete  hematologic  response  in  our  patient  if  given  over  a  prolonged 
period  of  time;  it  could  be  an  adequate  dose  to  prevent  dietary  deficiency  of  folic 
acid.  However,  for  practical  purposes  the  50  /xg  dose  orally  will  not  distinguish 
between  megaloblastic  anemias  due  to  folic  acid  deficiency  and  those  resulting 
from  a  deficiency  of  vitamin  Brj .  In  order  to  encompass  all  patients,  daily  doses 
in  a  range  between  100  /xg  (12)  and  400  fxg  (21 )  appear  to  be  necessary. 

SUMMARY 

A  case  of  megaloblastic  anemia  due  to  pure  folic  acid  deficiency  is  rei^orted. 
Small  oral  doses  of  synthetic  folic  acid,  50  /xg  given  daily,  were  sufficient  to 
alleviate  the  symptoms  and  to  cause  a  rise  of  the  platelets  and  white  blood  cells, 
but  did  not  initiate  improvement  of  the  anemia.  This  may  be  indicative  of  the 
different  metabolic  activities  manifested  by  the  specific  marrow  cells. 
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Prohleiiis  in  Diagnosis  of  liilrarraiiial  Disease 
AiiHHi*;  llie  Aged 

WALTER  SENCER,  M.D. 
New  York,  N.  Y. 

As  the  population  ages,  with  more  and  niorc  people  living  beyond  the  sixth 
decade,  the  incidence  of  neurological  disease  in  this  group  proportionately 
mounts.  Too  often,  the  diagnosis  of  "stroke"  or  "hardening  of  the  arteries"  is 
made  without  definite  evidence.  Due  to  the  obvious  factor  of  age,  clinicians  are 
very  prone  to  combine  localization  of  pathology  and  etiology  by  these  terms. 
The  purpose  of  this  paper  is  to  underscore  the  pitfalls  which  one  may  encounter 
in  evaluating  cerebral  manifestations  among  the  aged. 

A  major  problem  is  an  evaluation  of  the  possibility  of  intrinsic  vascular  dis- 
ease versus  a  space-occupying  lesion.  Many  use  the  clinical  rule  that  vascular 
pathology  usually  starts  suddenly  and  mass  lesions  are  gradual  in  onset.  The 
clinical  course  of  the  former  consists  of  maximal  symptomatology  immediately, 
with  gradual  remission  (if  there  is  no  fatal  outcome) .  Space-occupying  lesions, 
on  the  contrary,  begin  gradually  and  progress  inexorably  until  diagnosed. 

In  terms  of  the  clinical  neurological  manifestations,  there  does  not  appear  to 
be  any  finding  in  either  the  mental  status,  the  cranial  nerves,  the  motor  defects, 
reflex  changes  or  sensory  abnormalities  which  can  help  delineate  an  etiological 
process.  However,  it  has  been  stated  that  a  fluctuating  level  of  consciousness  is 
usually  seen  in  patients  suffering  from  subdural  hematoma. 

With  respect  to  laboratory  data,  other  than  blood  and  urinalysis,  some  specific 
laboratory  aids  are  considered  helpful.  Plain  skull  x-rays  may  reveal  abnormal 
calcification,  lytic  lesions,  shift  of  a  calcified  pineal  gland,  and  enlargement  of 
the  sella  turcica.  An  electroencephalogram  may  show  a  focus  of  abnormally 
slow  activity  and,  in  "diffuse  vascular"  disease  (the  type  which  is  associated 
with  progressive  mental  deterioration  in  the  senium),  the  electroencephalogram 
may  be  normal.  A  lumbar  puncture  can  give  information  such  as  the  presence 
of  bleeding  or  xanthochromia.  The  latter  is  well  known  to  occur  in  subdural 
hematoma.  Pleocytosis  occurs  in  infections,  neoplasms  adjacent  to  the  ventricu- 
lar system,  carcinomatosis,  leukemia  and,  frequently,  after  a  pneumoencephalo- 
gram.  Increased  spinal  fluid  protein  is  highly  suggestive  of  neoplasm. 

Special  neurological  procedures,  such  as  pneumoencephalography  and  angiog- 
raphy, can  be  of  definitive  value  in  clarifying  etiologic  processes.  However,  many 
physicians  fear  the  morbidity  of  these  procedures,  especially  in  an  older  age 
group. 

This  is  a  study  of  169  patients  70  years  of  age  or  over  who  were  admitted  to 
the  neurological  service  and  seen  in  consultation  by  an  attending  neurologist 
during  a  twelve-month  period,  1961-1962.  112  patients  were  diagnosed  as  having 
encephalopathy  due  to  vascular  disease,  or  presumed  to  have  vascular  disease 
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inasnuicli  as  no  other  etiology  was  discovered.  24  of  these  patients  had  no  focal 
manifestations.  There  were  35  patients  who  suffered  from  space-occuj^ying  le- 
sions (27  had  neoplasms  and  8  had  subdural  hematomas).  Five  patients  had 
drug  intoxication,  2  suffered  head  injuries,  and  1  patient  had  an  acute  infection 
of  the  central  nervous  system. 

The  following  case  reports  are  indicative  of  the  clinical  problems  which  have 
been  encountered  in  the  experience  of  this  neurological  service. 

Case  1.  A  75  year  old  light-handed  woman  was  well  until  she  fell,  for  unknown  reasons, 
down  a  flight  of  stairs,  striking  her  forehead.  There  was  no  definite  history  of  loss  of  con- 
sciousness. She  was  well  until  five  weeks  after  the  accident,  when  she  began  to  have  unsteadi- 
ness of  gait  and  weakness  of  the  right  leg.  She  developed  in.soninia,  depression  and  forgetful- 
ness,  especially  for  recent  events.  Her  mental  deterioration  rapidly  increased  to  the  point 
where  she  was  incontinent  of  urine.  Eight  weeks  after  the  injury,  she  was  hospitalized. 

The  general  medical  examination  was  normal. 

Neurological  Examination:  Mental  status — there  was  an  organic  mental  syndrome  and  her 
spontaneous  speech  was  at  times  incomprehensible.  Cranial  nerves — there  was  a  horizontal 
nystagmus  on  right  and  left  lateral  gaze  and  a  right  central  facial  weakness.  Motor  status — 
no  significant  abnormalities.  Reflexes — the  deep  tendon  reflexes  were  equal  and  active.  No 
Babinski  sign  was  noted.  Sensory  examination — this  could  not  be  evaluated  because  of  her 
mental  status. 

Laboratory  Data:  The  blood  count  and  urinalysis  were  normal.  Blood  gluco.se  was  136 
mg%.  Blood  urea-nitrogen,  proteins,  calcium,  phosphorus,  cholesterol,  uric  acid  were  normal. 
Blood  serology  was  negative.  A  lumbar  puncture  revealed  xanthochromic  fluid,  initial  pres- 
sure 130  mm.  There  were  100  polymorphonuclear  cells  and  800  red  blood  cells  per  cm.  Spinal 
fluid  sugar  was  119  mg% ;  chloride  92  meg/1;  protein  101  mg%.  Chest  and  plain  skull  x-rays 
were  normal.  An  electroencephalogram  revealed  3-5  per  second  activity  throughout  the  entire 
left  cerebral  hemisphere,  accentuated  in  the  left  temporal  area.  A  left  carotid  angiogram  re- 
vealed a  vascular  tumor  in  the  posterior  parietal  region,  extending  into  the  region  of  the  cor- 
pus callosum.  A  pneumocncephalogram  revealed  the  same  mass  extending  across  the  corpus 
callosum,  involving  the  right  parietal  area. 

Course :  The  patient  progressively  deteriorated  and  died  twenty-six  days  after  admission. 
Post  mortem  examination  revealed  a  glioblastoma  multiforme  in\-olving  both  cerebral  hemi- 
spheres in  the  parietal  areas. 

Comment :  The  history  of  the  fall  two  months  prior  to  hospitalization  suggested  the  possi- 
bility of  a  subdural  hematoma.  The  100  polymorphonuclear  cells  in  the  spinal  fluid  widened 
the  diagnostic  probabilities  to  inchide  a  brain  abscess,  although  this  was  thought  less  likely 
because  of  the  high  spinal  fluid  sugar.  The  correct  diagnosis  was  established  by  angiography 
and  pneumoencephalography.  It  is  noteworthy  that  in  spite  of  her  age  and  the  ma.ssive  cere- 
bral pathology,  she  had  no  complications  from  the  procedures.  Since  there  was  bilateral  cere- 
bral involvement  and  the  short  history,  as  well  as  the  vascular  stain,  indicating  a  malignancy, 
surgery  was  not  considered  efficacious. 

Case  2.  A  70  year  old  man  was  well  until  fourteen  months  prior  to  admission,  when  he  be- 
gan to  have  episodic  .ierking  of  the  left  hand  lasting  "a  minute  or  so."  Shortly  thereafter, 
generalized  convulsions  ensued  and  he  was  placed  on  Dilantin.  In  the  following  months,  his 
memory  became  progressively  worse  and  there  were  marked  personality  changes.  It  was 
noted  that  he  began  to  sleep  excessively.  Two  weeks  prior  to  admission,  he  developed  numb- 
ness of  the  left  hand  and  then  became  unconscious.  He  was  incontinent  of  urine  at  this  time 
and  claimed  that  for  a  few  days  thereafter  he  had  numbness  of  the  left  hand  and  left  face. 
The  past  medical  history  was  significant  in  that  he  had  been  suffering  from  diabetes  mellitus 
for  eight  years  and  was  being  treated  with  Orinase. 

The  general  medical  examination  was  normal;  his  blood  pressure  was  170/95. 
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Neurological  Examination:  Mental  stains — he  had  a  severe  organic  mental  syndrome;  lie 
had  difficulty  following  simple^  commands  and  naming  the  days  of  the  week.  He  could  not 
spell  "cat"  backward.  There  was  ,i  right -left  disorientation.  Cranial  nerves — there  was  a  ques- 
tionable left  central  facial  weakne.ss.  Motor  status — no  significant  abnormalities  other  than  a 
broad-based  gait.  Refle.xes — deep  tendon  reflexes  were  ec|ual  and  active;  tiie  ankle  reflexes 
were  hypoactive.  Sensory  examination — liiis  could  not  be  evaluated  l)ecause  of  the  mental 
status. 

Laboratory  Data:  The  blood  count  was  normal.  A  urinalysis  revealed  a  ++  albuminuria. 
The  sedimentation  rate  was  62.  A  fasting  blood  sugar  was  238  mg%.  Total  cholesterol  was 
530  mg%.  Blood  urea-nitrogen,  proteins,  calcium,  phosphorus,  alkaline  phosphatase  and  acid 
phosphatase,  uric  acid,  cephalin  flocculation  test,  prothrombin  time  were  normal.  The  blood 
serology  was  negative.  A  lumbar  puncture  revealed  clear,  colorless  fluid  under  normal  pres- 
sure. Two  hundred  red  blood  cells  were  noted.  Spinal  fluid  protein  was  44  rng%.  Chest  and 
plain  skull  x-rays  were  normal.  An  electroencephalogram  showed  2-6  per  second  slow  activity 
in  the  left  cerebral  hemisphere,  accentuated  posteriorly.  A  left  carotid  arteriogram  was  nor- 
mal. A  pneumoencephalogram  revealed  moderate  hydroceplialus,  with  generalized  dilation 
of  the  ventricular  system. 

Course:  The  patient  has  done  fairly  well  on  anticonvulsant  medication. 

Comment :  The  history  of  the  seizure  disorder,  with  a  focal  onset  and  progressive  mental 
deterioration,  raised  the  question  of  a  space-occupying  mass.  The  very  slow  activity  in  the 
electroencephalogram  is  also  more  often  seen  in  gross  focal  pathology.  However,  after  four- 
teen months,  there  were  no  definite  focal  neurological  findings  and  the  cerebrospinal  fluid  was 
normal,  indicating  that  perhaps  a  mass  lesion  may  not  be  present.  The  final  diagnosis  could 
not  be  established  until  pneumoencephalography.  In  the  experience  of  this  neurological  serv- 
ice, focal  or  generalized  seizures  beginning  in  tlie  elderly  age  group  are  not  an  uncommon 
finding  in  patients  who,  upon  investigation,  do  not  have  mass  lesions. 

Case  3.  A  70  year  old  man  was  well  until  he  suddenly  developed  a  grand  mal  seizure,  after 
which  the  left  side  of  the  body  was  noted  to  be  paralyzed.  He  was  hospitalized  elsewhere  and 
a  lumbar  puncture  was  reported  as  normal.  An  electroencephalogram  revealed  right-sided 
dysfunction.  A  pneumoencephalogram  was  also  normal.  His  hemiparesis  improved  nine  days 
after  the  onset  of  his  illness  and  he  was  placed  on  anticoagulation  therapy.  Two  days  later, 
because  his  condition  worsened,  he  was  tr.msfei'red  to  this  hospital.  At  this  time,  he  admitted 
to  having  headaches  since  the  beginning  of  liis  illness.  During  the  previous  three  months,  he 
had  a  chronic  cough,  associated  at  times  with  hemoptysis. 

The  general  medical  examination  was  normal.  Temperature  was  101. 6°F.  on  admission. 

Neurological  Examination :  Mental  status — there  was  an  organic  mental  syndrome.  Cra- 
nial nerves — he  had  a  left  homonymous  field  defect.  There  was  horizontal  nystagmus  on  right 
lateral  gaze.  The  left  corneal  reflex  was  absent.  There  was  a  left  central  facial  weakness. 
Motor  status — there  was  a  left  hemiplegia  and  a  questionable  weakness  of  the  right  extremi- 
ties. Reflexes — the  deep  tendon  reflexes  were  increased  in  the  left  extremities.  No  Babinski 
sign  was  noted.  Sensory  examination — this  was  unreliable  due  to  his  mental  status,  but  he 
did  make  errors  in  the  left  hand,  which  he  did  not  make  in  the  right  hand,  such  as  mis- 
identifying  objects  placed  in  the  loft  hand.  There  was  extinction  to  pin  stimulation  on  the 
entire  left  side  of  the  body. 

Laboratory  Data:  Blood  count — the  hemoglobin  was  normal;  the  white  blood  count  was 
11,200;  55%  segmental  cells;  2%  band  cells;  27%  lymphocytes;  6%  monocytes.  The  sedi- 
mentation rate  was  44  mm.  Urinalysis,  fasting  blood  sugar,  blood  urea-nitrogen,  proteins,  uric 
acid,  calciums,  phosphorus,  cholesterol,  cephalin  flocculation  test,  alkaline  phosphatase  were 
normal.  The  prothrombin  time  was  55,5  seconds,  as  compared  to  13  seconds  controlled.  Chest 
and  plain  skull  x-rays  were  normal.  An  electroencephalogram  revealed  severe  slow  activity 
in  the  right  cerebnmi,  accentuated  in  the  temporal  area.  A  lumbar  puncture  revealed  xantho- 
chromic spinal  fluid,  with  an  initial  pressure  of  80  mm.  There  were  273  polymorphonuclear- 
cytes  and  190  lymphocytes.  Spinal  fluid  protein  was  290  mg%.  A  right  carotid  arteriogram  re- 
vealed an  avascular  space-occupying  mass  in  the  temporoparietal  region. 
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Coiii'se:  This  patient  progix'ssivi-ly  dclcriorated  and  died  on  the  tliird  hospital  tlay.  A  post 
mortem  revealed  a  brain  abscess  in  the  right  occipital  and  parietal  areas. 

Comment:  The  sudden  onset  of  a  left  hemimotor-sensory  syndrome,  normal  kuubar  \mm'- 
ture.  and  pneumoencephalogram  seemed  to  indicate  vascidar  disease.  He  became  worse  two 
days  after  being  placed  on  anticoagulation  and  the  prothrombin  time  of  55  seconds  raised 
the  possibility  of  a  cdiniilicating  intracranial  hemorrhage  (1).  Also,  because  of  the  history  of 
cough  and  hemoi)t>  .-^is,  ami  (he  elevated  sedimentation  rate,  metastatic  carcinoma  to  the 
brain  was  also  seriously  considered.  The  pleocytosis  in  the  spinal  fluid  has  been  seen  in  ma- 
lignancy, as  well  as  infection,  and  the  former  was  thought  perhaps  to  be  more  likely,  espe- 
cially since  brain  abscess  is  relatively  uncommon.  Unfortunately,  his  condition  was  so  poor 
upon  admission  and  worsened  so  rapidly  that  he  could  not  be  treated  in  time. 

Case  4-  A  70  year  old  man  was  well  until  two  and  a  half  weeks  prior  to  admission,  when  he 
suddenly  felt  a  slight  weakness  in  the  right  leg.  There  were  no  other  neurological  symjUoms 
other  than  a  tremor  of  the  left  hand,  which  had  been  present  for  appioximately  seven  years. 

A  general  medical  examination  was  normal. 

Neurological  Examination  (ten  days  after  the  onset  of  weakness):  Mental  status — normal 
for  his  age,  except  it  was  thought  that  lie  had  an  anomia.  Cranial  nerves — there  was  a  slight 
right  central  facial  weakness.  Motor  status — he  dragged  the  right  leg  and  the  right  arm  had 
lost  its  associated  movement  on  walking.  Tapping  with  the  right  foot  was  slower  than  the 
left.  There  was  a  definite  weakness  of  the  right  upper  extremity.  There  was  also  noted  slight 
"Parkinson"  tremor  bilaterally.  Reflexes — the  deep  tendon  reflexes  were  equal  and  active.  No 
Babinski  sign  was  noted.  Sensory  examination — all  sensory  modalities  were  normal,  except 
that  there  was  extinction  on  the  right  side  on  double  simultaneous  stimulation. 

He  was  re-examined  five  days  later;  at  this  time,  there  was  definite  difficulty  in  under- 
standing simple  commands  and  in  finding  words.  There  was  also  a  nuirked  change  in  his  per- 
sonality. Because  of  this  progression,  he  was  hospitalized. 

Upon  hospitalization  the  general  medical  examination  was  normal. 

Neurological  Examination  (at  hospitalization) :  Mental  status — there  was  an  organic  men- 
tal syndrome  and  evidence  of  a  motor  and  sensory  aphasia.  Cranial  nerves — he  had  a  right 
homonymous  field  defect  and  a  right  central  facial  weakness.  Motor  status — the  deep  tendon 
reflexes  were  ecjual  and  hypo-active,  except  for  the  right  knee  and  ankle  reflexes,  which  were 
increased.  The  right  plantar  respon.se  was  defective.  Sen.sory  examination — he  had  a  right- 
sided  hypesthesia  and  hypalgesia.  On  double  simultaneous  stimulation,  there  was  extinction 
of  the  right  side. 

Laboratory  Data:  Blood  count,  urinalysis,  .sedimentation  rate,  two-liour  postprandial  blood 
sugar,  urea-nitrogen,  calcium,  phosphorus,  proteins,  alkaline  phosphatase,  prothrombin  time 
were  normal.  A  lumbar  puncture  revealed  clear,  colorless  fluid,  under  normal  pressure.  No 
cells  were  noted.  Spinal  fluid  protein  was  28  mg%.  Spinal  fluid  serology  was  negative.  Chest 
and  plain  skull  x-rays  were  normal.  An  electroencephalogram  indicated  left  cerebral  dysfunc- 
tion manifested  by  diffuse  bursts  of  1.5  to  4  per  second  activity.  A  left  carotid  arteriogram 
revealed  a  large  subdural  hematoma. 

Course:  The  patient  was  not  operated  upon,  but  was  observed  carefully  over  the  next 
twenty  days.  He  slowly  but  definitely  improved.  At  this  time,  a  repeat  carotid  arteriogram 
was  performed,  which  revealed  the  same  hematoma,  which  was  slightly  smaller  than  demon- 
strated on  the  previous  angiography.  Since  he  had  improved,  it  was  decided  to  discharge  him 
and  observe  him  carefully  for  any  further  developments. 

He  was  re-admitted  one  month  later,  because,  for  three  days,  he  had  developed  confusion 
and  recurrent  weakness  of  the  right  extremities.  His  neurological  condition  was  about  the 
same  as  when  he  was  admitted  the  first  time. 

A  right  carotid  arteriogram  revealed  the  subdural  hematoma  to  be  the  same  as  wlien  dis- 
charged. 

A  neurosvugical  (jpiniun  roncmred  as  to  the  efliicac}'  of  surgery. 
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A  craniotomy,  with  cn  acual  ion  of  Ihe  clot,  was  pcri'miiicd.  Tlic  palicnl  (li<l  well  for  1  he 
first  twenty-four  hours.  lie  was  alert,  responsive  and  only  had  a  mild  hcmiparosis  post- 
operatively. However,  the  second  day  postoperatively,  he  deNclopeii  a  temperature  of  101°F. 
and  became  diowsy.  He  did  not  do  well  and  developed  a  severe  right  henup:uesis.  Two  days 
later,  his  mental  picture  improved  and  he  became  relatively  alert.  Over  the  next  two  weeks, 
he  did  fairly  well  and  it  was  noted  there  was  slight  improvement  in  his  aphasia,  as  well  as 
some  spontaneous  movement  of  the  lower  right  extremity,  which  had  become  plegic  follow- 
ing surgery.  However,  he  began  to  run  a  temperature  and,  on  the  twenty-first  postoperative 
day,  this  spiked  to  104°F.  It  was  thought  that  the  focus  of  the  infection  was  in  the  urinary 
tract.  In  spite  of  antibiotics,  his  condition  deteriorated;  he  had  difficulty  maintaining  blood 
pressure  and  he  died  one  month  following  surgery.  Post  mortem  was  not  obtained. 

Comment :  Although  the  onset  of  his  condition  was  sudden,  as  in  intrinsic  vascular  disease, 
the  rapid  progression  seemed  to  indicate  a  mass  lesion.  A  carotid  occlusion,  with  subsequent 
hemiedema,  may  present  a  similar  picture  (2).  The  normal  cerebrospinal  fluid  findings  are 
not  rare  in  subdural  hematoma.  The  absence  of  trauma  in  this  condition  is  reported  in  almost 
50  per  cent  of  the  cases  and  is  similarly  so  in  the  experience  of  this  hospital.  Recently,  the 
spontaneous  remission  of  subdural  hematoma  has  been  reported  and  this  patient  was  treated 
for  a  time  conser\  ati\'ely  (3).  It  is  now  thought  that  indications  for  surgery  depend  more  on 
the  patient's  clinical  state  and  course,  rather  than  the  presence  of  the  hematoma  per  se.  This 
may  portend  a  critical  change  in  management,  especially  in  the  aged,  who  do  not  do  as  well 
as  younger  patients  following  major  surgery  and  general  anesthesia.  Although  this  patient 
was  in  good  clinical  condition  prior  to  surgery  and  apparently  had  a  successful  operation, 
tragically,  a  complicating  mfection  led  to  a  fatal  outcome. 

Case  5.  A  70  year  old  woman  was  in  good  health  until  she  fell,  for  imknown  cau.se,  down  a 
flight  of  stairs,  suffering  a  se\'ere  head  injury.  Within  an  hour  thereafter,  she  developed  a 
paralysis  of  the  left  side  of  the  body  and  was  hospitalized  elsewhere.  A  lumbar  puncture  at 
that  time  revealed  bloody  fluid.  Her  condition  improved  over  a  period  of  two  weeks  and 
then  fluctuated  downhill,  until  she  became  comatose.  At  this  point,  she  was  transferred  to 
this  institution. 

A  general  medical  examination  was  normal. 

Neurological  Examination:  Mental  status — the  patient  was  in  deep  stupor  but  did  respond 
to  painful  stimuli.  Cranial  nerves — the  eyes  were  deviated  conjugately  to  the  right.  The 
occulocephalic  reflexes  were  normal.  There  was  a  left  facial  weakness.  Motor  status — there 
was  a  flaccid  left  hemiplegia.  Reflexes — the  deep  tendon  reflexes  were  absent  throughout ; 
there  were  bilateral  Babinski  signs.  Sen.«ory  examination — the  patient  responded  minimally 
to  painful  stimuli. 

Laboratory  Data:  A  right  carotid  arteriogram  was  performed  immediately  and  revealed 
a  large  subdural  hematoma. 

Course:  A  craniotomy  was  performed  and  the  clot  was  evacuated.  The  patient  gradually 
improved  and  was  finally  discharged  with  a  residual  severe  organic  mental  sydrome  and  a 
left  hemiparesis. 

Comment :  There  was  no  question  of  an  acute  intracranial  hemorrhage  at  the  onset  of  her 
illness.  It  was  not  known  whether  this  was  due  to  the  head  injury  or  whether  the  accident  was 
due  to  the  development  of  a  sudden  hemorrhage.  The  rapid  deterioration  in  her  neurological 
state  following  the  acute  illness  indicated  that  something  new  had  occurred.  There  was  the 
possibility,  of  course,  of  recurrent  bleeding,  as  well  as  the  possibility  of  a  subdural  hematoma. 
Subdural  hematomas  following  intracranial  bleeding  are  quite  unusual,  but  have  been  re- 
ported (4).  A  lumbar  puncture  was  not  performed.  This  reflects  the  difference  of  opinion 
between  neurologists  and  neurosurgeons.  The  patient  was  admitted  directly  to  the  neuro- 
surgical service  and  it  is  felt  by  the  latter  that  a  spinal  tap  might  be  dangerous.  Recent 
papers  by  neurologists,  however,  indicate  that  complications  following  lumbar  puncture  are 
relatively  insignificant  and  the  information  obtained  may  be  critically  lielpful  in  managing 
the  patient  (5,  6). 
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Case  6.  A  73  year  old  man  was  well  until  he  had  a  sudden  episode  in  which  his  speech  be- 
came incoherent  and  he  developed  confusion  as  to  time  and  pla((\  He  became  nauseated 
and  vomited  on  several  occasions.  An  examination  by  his  ph\'sii  ian  revealed  an  "aphasia" 
and  weakness  of  the  right  side  of  his  body.  He  was  hos|jitalizcd  one  week  after  the  onset  of 
the  neurological  symiHomatology . 

The  general  medical  examination  was  normal. 

Neurological  Examination:  Mental  status — tiie  jjatient  was  very  apathetic  and  confused, 
and  it  was  very  difficult  to  communicate  with  him.  It  was  not  clear  whether  he  had  an  aphasia 
or  not.  Cranial  nerves — there  was  a  left  homonymous  field  defect.  Motor  status — there  was 
a  questionable  slight  motor  deficit  of  the  left  extremities.  Reflexes — the  deep  tendon  reflexes 
were  absent  throughout.  There  was  a  left  Babinski  sign.  Sensory  examination — there  was  a 
distinct  sensory  defect  in  the  left  extremities,  with  astereognosis  in  the  left  hand.  His  neuro- 
logical status  rapidly  deteriorated  and,  upon  admission  two  days  after  the  above  examina- 
tion, he  was  quite  stuporous.  In  addition  to  the  findings  noted  in  the  neurologist's  ofHce,  there 
was  a  weakness  of  conjugate  gaze;  the  eyes  drifted  to  the  right.  Because  of  the  progressive 
intracranial  disease,  although  vascular  pathology  was  considered  most  likely,  a  subdural 
hematoma  was  also  suspected. 

Laboratory  Data :  Urinalysis,  blood  count,  sedimentation  rate,  blood  sugar,  luea-nitrogen, 
calcium,  phosphorus,  sodium,  potassium,  carbon  dioxide,  chlorides,  proteins,  alkaline  phos- 
phatase were  normal.  Chest  and  plain  skull  x-rays  were  normal.  A  lumbar  puncture  revealed 
xanthochromic  fluid  under  an  initial  pressure  of  310  mm  of  fluid.  There  were  2,820  red  blood 
cells.  Spinal  fluid  protein  was  280  mg%.  An  electroencephalogram  revealed  diffuse  slow  ac- 
tivity, as  slow  as  a  half  a  cycle  per  second.  The  left  side  was  more  involved  than  the  right. 

Course:  The  patient's  condition  rapidly  deteriorated  during  the  first  twenty-four  hours 
after  admission.  A  right  carotid  arteriogram  was  normal.  The  following  morning,  a  left  ca- 
rotid arteriogram  was  performed,  whicii  was  also  normal.  Tlic  patient  continued  to  go  down- 
hill and  died  the  following  morning.  Post  mortem  examination  (unfortunately  limited  to  the 
head)  revealed  metastatic  melanoma  involving  l)o1h  cerelnal  hemispheres,  the  brain  stem, 
and  the  cerebellum. 

Comment:  The  sudden  onset  seemed  to  indicate  intrinsic  vascular  pathology.  However, 
because  of  the  history  of  bilateral  cerebral  di.sease,  a  subdural  hematoma  was  also  considered. 
The  cerebrospinal  fluid  findings  made  this  latter  possibility  more  likely,  to  a  degree  that  an 
emergency  carotid  arteriogram  was  performed  in  the  middle  of  the  evening.  Metastatic  car- 
cinoma is  usually  seen  on  angiography  and  as  many  as  six  lesions  have  been  demonstrated 
by  a  single  carotid  arteriogram.  This  case  was  only  diagnosed  by  autopsy.  Not  infrequently, 
angiography  has  to  be  repeated  before  a  tumor  stain  is  visualized.  Patients  can  be  erroneously 
diagnosed  as  suffering  from  vascular  disease  until  subsecjuent  re-evaluation  demonstrates  a 
malignancy.  Therefore,  when  the  latter  etiology  is  suspected,  it  is  wiser  to  observe  the  pa- 
tient as  "a  brain  tumor  suspect"  in  spite  of  a  normal  angiogram  and/or  pneumoencephalo- 
gram. 

Case  7.  A  78  year  old  man  was  well  until  the  day  prior  to  admission.  He  awoke  that  morn- 
ing with  a  headache  and  look  two  Doriden  pills.  He  had  an  afternoon  nap  and  awoke  "groggy." 
However,  he  stayed  up  until  eleven  o'clock  in  the  evening  watching  television.  In  the  eve- 
ning, he  took  "two  Bufferin  tablets"  for  a  headache.  The  following  day,  about  twelve  o'clock, 
it  was  noted  that  the  patient  could  not  be  aroused. 

The  general  medical  examination  was  normal. 

Neurological  Examination:  Mental  status — he  was  in  deep  coma.  His  respirations  were 
rapid  and  deep.  There  were  no  unusual  odors  noted  on  his  breath.  Cranial  nerves — pupils 
were  round,  regular,  somewhat  miotic.  Motor  status — there  was  a  flaccid  quadriplegia.  No 
abnormal  movements  were  noted.  Reflexes — deep  tendon  reflexes  were  absent.  No  Babinski 
sign  was  noted.  Sensory  examination — he  did  not  re.spond  to  painful  stimuli. 

Laboratory  Data:  Blood  count,  urinalysis,  clotting  time,  prothrombin  time,  lU'ea-nitrogen, 
blood  sugar,  calcium,  phosphorus,  cholesterol,  sodium,  potassium,  carbon  dioxide,  chlorides 
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were  mU  iKinnal.  A  lumbar  puncture  revealed  clear,  colorless  fluid  uiuli  i-  iKumal  pressure.  No 
colls  were  noted.  Cerebrospinal  fluid  protein  was  140  mg%.  CiicsL  and  skull  x-rays  were  nor- 
mal. An  electroencephalogram  was  normal.  He  was  maintained  on  intravenous  fluids,  with 
the  addition  of  Levophed,  because  of  difficulty  in  maintaining  normal  blood  pressure. 

Course:  The  diagnosis  of  drug  intoxication,  either  aspiiin  or  even  barbituates,  was  con- 
sidered most  likely.  The  patient  remained  in  deep  coma  for  over  forty-eight  hours  and  the 
abnormal  cerebrospinal  fluid  protein  raised  the  possibility  of  a  mass  lesion,  specifically  a 
subdural  hematoma.  A  left  carotid  arteriogram  was  normal.  Twenty-four  hours  later,  the  pa- 
tient began  to  respond  and  gradually  improved.  When  he  was  well,  it  was  learned  that  he 
had  been  depressed.  He  began  to  hoard  liarbituate  tablets  and  finally  took  an  overdose  of 
sleep  medication. 

Comment:  Although,  from  the  onset,  drug  intoxication  was  considered  mo.st  likely,  the 
absence  of  any  history  of  an  emotional  disorder,  tlie  prolonged  coma  and  the  high  spinal 
fluid  protein  raised  the  possibility  of  a  subdural  hematoma.  A  normal  electroencephalogram, 
which  can  occur  in  drug  intoxication,  has  also  been  obtained  in  patients  with  a  subdural 
hematoma,  and,  therefore,  was  not  too  helpful.  Angiography  was  es.sential  in  ruling  out  this 
latter  condition  and,  again,  it  is  noteworthy  tliat  this  78  year  old  patient  had  no  ill  effects 
from  the  procedure. 

Case  S.  A  73  year  old  man  was  known  to  have  metastatic  carcinoma  to  the  lung.  The  pri- 
mary lesion  was  unknown.  He  had  been  hospitalized  previously  because  of  dyspnea  asso- 
ciated with  a  pleural  effusion.  On  the  day  of  admission,  he  lost  his  vision,  asserting  "every- 
thing went  black  for  four  to  five  hours."  Vision  gradually  improved,  but,  because  of  persistent 
and  progressive  shortness  of  breath,  he  sought  re-admission. 

A  general  medical  examination  revealed  a  cachectic  man,  who  was  in  severe  respiratory 
stress  with  cyanotic  nail  beds.  The  examination  of  the  chest  revealed  flatness  to  percussion 
over  the  entire  left  chest  wall.  The  right  lung  field  was  clear.  There  was  pain  on  palpation 
over  the  right  posterior  rib  cage.  He  had  a  tachycardia  of  120  per  minute.  There  was  an  en- 
larged liver  four  fingerbreadths  below  the  costal  margin. 

Laboratory  Data:  Hemoglobin  10.1  mg% ;  white  blood  count  9,800,  with  slight  shift  to 
the  left.  Urinalysis  was  normal,  except  for  a  trace  of  albumin.  Sedimentation  rate  was  50. 
Serum  proteins  were  5,8;  albumin  3.2  ;  globulin  3.6.  Alkaline  phosphatase  was  19.7.  SCOT  68. 

Course:  Patient  developed  an  organic  mental  syndrome  in  the  hospital.  He  was  then  ex- 
amined by  a  consulting  neurologi.st,  who  noted  no  focal  findings  except  a  left  Babinski  sign. 
The  sensory  examination  could  not  be  done  because  of  tlie  organic  mental  syndrome.  A 
neurological  investigation  was  recommended. 

The  possibility  of  metastatic  carcinoma  to  the  brain,  as  well  as  intrinsic  vascular  disease, 
was  considered.  The  patient  suddenly  became  progressively  worse,  lapsed  into  coma  and 
died.  A  post  mortem  revealed  an  intracerebral  hematoma  of  the  right  frontal-parietal  region, 
approximately  6  cm  in  diameter. 

Comment :  This  case  was  not  transferred  to  the  neurological  service,  because  it  was 
thought  that  he  surely  had  metastatic  carcinoma  to  the  brain.  The  presence  of  an  intracere- 
bral hematoma,  which  is  not  unusual  at  this  age,  was  a  surprise  only  because  he  suffered 
from  cancer.  This  demonstrates  that,  at  all  times,  all  etiologies  should  be  given  due  consider- 
ation and  a  patient  should  be  completely  worked-up. 

Case  9.  A  78  year  old  man  was  admitted  with  a  history  of  severe  low  back  pain  of  three 
weeks'  duration  and,  for  the  week  prior  to  admission,  progressive  confusion,  lethargy  and 
incontinence  of  urine  and  feces.  The  past  history  was  significant  in  that  he  had  had  intermit- 
tent pain  in  the  back  for  at  least  twenty  years.  A  prostatectomy  was  performed  in  1960  and, 
for  five  years,  because  of  angina  and  irregular  carcHac  rhythm,  he  had  been  treated  with 
quinidine  and  Peritrate. 

The  general  medical  examination  revealed  an  acutely  ill  man.  No  definite  abnormal  find- 
ings were  noted,  except  bilateral  pretibial  edema. 
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Neurological  Examination:  Mental  status — he  was  lethargic  and  had  an  organic  mental 
syndrome.  Cranial  nerves — no  abnormalities  except  a  dysarthria.  Motor  status — there  was 
no  focal  weakness,  no  dyskinesiae,  and  muscle  tone  was  normal.  Reflexes — the  deep  tendon 
reflexes  were  equal  and  active,  except  the  ankle  reflexes  were  absent.  There  were  bilateral 
Babinski  signs.  Sensory  examination — could  not  be  performed  due  to  the  mental  syndrome. 

Laboratory  Data:  A  white  blood  count  revealed  a  leukocytosis  of  19,000,  with  a  shift  to 
the  left.  A  urinalysis  revealed  a  trace  of  albumin.  Sedimentation  rate  was  59.  Blood  urea- 
nitrogen  114  mg%  ;  creatinine  3.7  mg% ;  calcium  16.1  mg%.  Blood  sugar,  phosphorus,  pro- 
teins, alkaline  phosphatase,  sodium,  potassium  chloride  were  normal.  A  lumbar  puncture 
revealed  xanthochromic  fluid;  the  protein  was  74  mg%.  The  heart  was  enlarged  on  x-ray  ex- 
amination. Vertebral  x-rays  showed  severe  osteoporosi.s.  An  electroencephalogram  revealed 
diffuse  slow  activity. 

Course:  In  spite  of  intensive  medical  care,  he  steadily  worsened  and  died  on  the  seventh 
hospital  day.  An  autopsy  was  performed,  which  revealed  no  definitive  pathology  in  the  brain. 

Comment :  The  rapid  history  of  alteration  of  cerebral  functioning,  as  well  as  the  abnormal 
cerebrospinal  fluid  protein,  suggested  a  mass  lesion.  Howe\  er,  the  blood  chemistries  indicated 
renal  failure  and  possible  hyperparathyroidism.  In  view  of  the  major  systemic  dysfunctions, 
neurological  procedures  were  not  considered  indicated.  It  is  important  to  note  that  renal 
failure  can  produce  a  relatively  rapid  deterioration  in  an  elderly  person's  mental  state.  The 
normal  cerebral  findings  at  post  mortem  are  not  uncommonly  seen  in  patients  that  die  of 
uremia  (7). 

Case  10.  A  71  year  old  man  slipped  on  a  painter's  scaffold  ladder  and  struck  his  head  against 
a  wall,  suffering  severe  head  pain.  His  family  relates  that  when  he  returned  home  from  work, 
he  was  quite  confused  and  had  difficulty  in  talking.  This  mental  state  worsened  over  the  next 
three  weeks.  An  electroencephalogram  performed  on  an  out-patient  basis  revealed  a  severe 
slow  wave  focus  in  the  left  temporal  region,  and  he  was  hospitalized. 

The  general  medical  examination  was  normal. 

Neurological  Examination :  Mental  status — he  had  a  severe  organic  mental  syndrome  and 
definite  aphasia.  Cranial  nerves — there  was  a  right  homonymous  hemianopia  and  a  right 
facial  weakness.  Motor  status — there  was  clumsiness  and  weakness  of  the  right  arm  and  leg. 
Reflexes — deep  tendon  reflexes  were  equal  and  active.  No  Babinski  sign  was  noted.  Sensory 
examination — could  not  be  done. 

Laboratory  Data:  A  blood  count,  urinalysis,  bleeding  and  clotting  time,  serology,  sedi- 
mentation rate,  blood  sugar,  urea-nitrogen,  proteins,  alkaline  and  acid  phosphatase  were 
normal.  A  spinal  tap  revealed  clear,  colorless  fluid  under  an  initial  pressure  of  230  mm  of 
fluid.  No  cells  were  seen.  Protein  was  30  mg%.  Chest  x-ray  revealed  a  thymoma.  Skull  x-rays 
were  normal.  A  repeat  electroencephalogram  revealed  a  severe  left  slow  wave  focus.  A  left 
carotid  angiogram  was  normal. 

Course:  The  patient  was  discharged.  During  the  following  year  and  a  half,  he  has  slowly 
improved. 

Comment:  The  history  was  suggestive  of  the  development  of  a  subdvual  hematoma.  This 
was  not  corroborated.  Whether  he  suffered  a  cerebral  injury  or  had  a  coincidental  vascular 
lesion,  which  then  caused  the  head  injury,  could  not  be  determined.  Another  possibility  was 
that  he  may  have  had  a  hemorrhage  into  the  temporal  lobe,  but  this  also  could  not  be  con- 
firmed. The  slow  wave  focus  is  reported  most  often  in  gross  lesions,  but  at  least,  by  angiog- 
raphy, this  was  not  the  case. 

Cane  11.  A  75  year  old  woman,  three  weeks  prior  to  admission,  fell  down  a  flight  of  stairs, 
striking  the  left  side  of  her  head  and  suffering  a  severe  head  injury.  Following  the  accident, 
she  complained  of  right-sided  headaches,  unsteady  gait  and  nausea.  Her  relatives  thought 
her  memory  concomitantly  worsened.  The  past  history  was  significant  in  that  she  had  been 
hospitalized  two  years  previously  for  the  treatment  of  pernicious  anemia  and  diabetes  mel- 
litus,  which  had  neurological  manifestations — a  diffuse  radiculoneuropathy,  as  well  as  an  or- 
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ganic  mental  syndrome.  During  that  hospitalization,  she  had  two  grand  mal  convul.sioni?  and 
an  electroencephalogram  revealed  bursts  of  slow  activity  on  the  left  side. 

The  general  medical  examination  was  normal,  except  for  the  presence  of  a  small  amount 
of  dried  blood  in  the  riglit  external  car  canal.  .\  cophalohomatoma  over  (lie  loft  parietal  area 
was  also  noted. 

Neurological  I'^xainin.ition :  Mental  status — there  was  an  organic  mental  syndrome.  Cra- 
nial nerves — smell  was  lii'fcctive  in  the  right  nostril.  Optokinetic  nystagmus  was  absent  in 
testing  from  right  to  left  and  was  also  defective  in  testing  from  left  to  right.  Motor  status — 
the  patient  walked  with  a  broad-based  gait,  with  a  tendency  to  fall  to  either  side.  The  Rom- 
berg test  was  positive.  There  was  no  definite  focal  weakness.  There  was  no  dyskinesiae.  Re- 
flexes— the  deep  tendon  reflexes  were  hypoactive  throughout.  No  Babinski  sign  was  noted. 
Sensory  examination — it  was  difficult  to  evaluate  her  sensory  status,  but,  on  double  simul- 
taneous stimulation,  she  always  extinguished  the  left  extremities. 

Laboratory  Data:  The  blood  count  was  normal.  Urinalysis  revealed  a  trace  of  albumin 
and  4  plus  sugar.  No  acetone  was  present.  Blood  sugar,  urea-nitrogen,  serum  proteins,  calcium, 
phosphorus,  alkaline  phosphatase,  creatinine  were  normal.  A  lumbar  puncture  revealed  clear, 
colorless  fluid  under  normal  pressure;  no  cells  were  seen.  The  protein  was  59  mg%.  Chest 
x-ray  demonstrated  an  enlarged  heart.  Skull  x-rays  were  normal.  An  electroencephalogram 
revealed  bilateral  cerebral  dj'sf unction,  with  numerous  bursts  of  irregular  1.25-4  cps  activity, 
most  marked  at  the  temporal  area,  and  the  left  side  more  involved  than  the  right,  and  this 
tracing  was  much  more  abnormal  than  the  one  taken  two  years  previously. 

Course:  A  neurological  examination  repeated  a  week  after  admission  revealed  similar 
findings,  except  the  left  hemisensory  sj'ndrome  was  more  definite  and  position-sense  abnor- 
malities were  noted  in  the  left  hand.  A  right  carotid  angiogram  revealed  the  presence  of  a 
subdural  hematoma  in  the  parietal  region.  Two  days  later,  there  developed  more  pronounced 
weakness  of  the  left  extremities.  A  left  carotid  angiogram  at  that  point  revealed  the  same 
shift  to  the  left  of  the  cerebral  vessels.  A  craniotomy  was  performed  and  a  subdural  hematoma 
was  removed.  She  did  relatively  well  postoperatively,  except  for  the  development  of  con- 
vulsions on  the  fourth  postoperative  day.  She  steadily  improved  and  was  eventually  dis- 
charged. 

Comment :  The  long-standing  background  of  mental  changes  and  a  seizure  disorder  made 
it  very  difficult  to  evaluate  the  etiology  of  the  post-traumatic  neurological  condition  at  the 
time  of  admission.  An  iuit  ial  imi>rossion  of  diffuse  vascular  disease  with  superimposed  cerebral 
concussion  seemed  to  ha\  e  bcrn  substantiated  by  the  relatively  normal  laboratory  work-up, 
including  the  cerebrospinal  flvud  findings.  However,  a  subdural  hematoma  was  considered 
and  proven  to  be  present. 

Case  12.  A  70  year  old  man  was  admitted  with  a  history  of  weakness  of  the  left  lower  ex- 
tremity for  approximately  four  months.  This  weakness  had  occurred  gradually  and  had  pro- 
gressed to  a  degree  where  he  had  marked  difficulty  in  walking.  It  was  also  noted  that  he  had 
had  transient  episodes  of  feeling  drowsy  and,  on  several  occasions,  he  apparentl.y  "stared 
momentarily"  for  unknown  reasons.  It  was  thought,  on  one  occasion,  that  his  speech  had  be- 
come "confused."  There  were  no  other  neurological  symptoms.  The  past  history  was  signifi- 
cant in  that  he  was  a  sufferer,  for  twenty-four  years,  from  diabetes  mcllitus  and  was  taking 
protamine  zinc  insulin,  20  units  a  day. 

The  general  medical  examination  was  normal. 

Neurological  Examination:  Mental  status — there  were  no  significant  abnormalities.  Cra- 
nial nerves — there  was  a  left  central  facial  weakness.  Motor  status — he  had  a  left  hemiparesis, 
arm  and  leg  eciually  involved  and  weak,  but  proximal  function  more  impaired  than  distal 
function.  There  was  no  abnormal  tone  noted.  There  were  no  dyskinesiae.  Reflexes — the  deep 
tendon  reflexes  were  etiual  and  active.  There  was  a  left  Babinski  sign.  Sensory  examination — 
this  was  normal. 

Laboratory  Data:  The  blood  count  was  normal.  The  urinalysis  revealed  a  one  plus  albu- 
minuria. A  fasting  blood  sugar  was  154  mg%.  Blood  urea-nitrogen,  serum  proteins,  prothrom- 
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bin  time  were  normal.  A  lumbar  puncture  revealed  clear,  colorless  fluid  under  normal  pres- 
sure. 290  red  blood  cells  were  noted.  The  cerebrospinal  fluid  protein  was  26  mg%.  Chest  and 
skull  x-rays  were  normal.  An  electroencephalogram  revealed  bursts  of  irregular  2-5  cps  ac- 
tivity in  the  right  temporal  area.  A  right  carotid  angiogram  was  normal. 

Course:  The  patient  was  discharged  unchanged  and  has  since  been  relatively  stable. 

Comment :  This  patient  had  a  relatively  rapid  progressive  hemimotor  syndrome  and  was 
initially  thought  to  have  a  mass  lesion,  either  neoplasm  or  subdural  hematoma.  The  neuro- 
logical work-up  was  entirely  normal  other  than  the  electroencephalogram.  Presumably,  this 
patient  may  have  had  intrhisic  vascular  disease,  and  thus  demonstrates  how  such  a  possible 
etiology  can  sinudate  a  space-occupying  lesion. 

Case  13.  A  73  .year  old  man  developed  progressive  impairment  of  memory  and  behavioral 
changes,  over  a  nine-month  period.  It  was  stated  he  had  become  somewhat  childlike.  In  the 
month  prior  to  neurological  examination,  he  developed  difficulty  in  walking  and  needed  to 
hold  onto  objects  for  support.  There  was  a  tendency  to  veering  and  he  fell  to  his  knees  on 
several  occasions.  His  speech  became  slurred  and  he  had  diflnculty  in  articidation.  His  hearing 
had  been  bad  for  "many  years." 

Neurological  Examination:  Mental  status — the  patient  seemed  oriented  and  clear.  The 
immediate  memory  seemed  intact.  He  was  able  to  calculate  rapidly.  Cranial  nerves — there 
was  a  left  homonymous  field  defect.  This  was  more  pronounced  in  the  right  eye  than  the  left, 
and  more  distinct  in  the  inferior  quadrant  as  compared  to  the  superior  quadrant.  There  was 
a  slight  left  facial  weakness.  Motor  status — there  was  a  drift  downward  of  the  left  upper  ex- 
tremitj',  with  both  arms  outstretched.  There  was  incompletene.ss  of  performance  of  finger  to 
nose  testing  on  the  left.  Rapid  alternating  movements  were  slow.  There  was  no  manifest  gross 
weakness  of  the  extremities.  Reflexes — the  deep  tendon  reflexes  were  equal  and  active.  No 
Babinski  sign  was  noted.  Sensory  examination — this  was  normal. 

It  was  thought  that  the  patient  had  a  lesion  in  the  right  parietal-occipital  region,  and, 
although  vascular  disease  was  considered  most  likely,  the  possibility  of  a  neoplasm  was  se- 
riously considered  because  of  the  progressive  nature  of  the  disturbance  in  function. 

One  month  later,  he  was  hospitalized  because  of  pulmonary  edema.  At  that  time,  a  lumbar 
puncture  was  performed,  which  was  normal.  Carotid  angiography  was  recommended,  but  the 
internist  thought  the  patient  was  too  sick  to  undergo  this  procedure. 

Five  months  later,  he  was  rehospitalized  because  of  luinary  retention.  There  had  been 
progressive  weakness  of  the  left  .side,  with  further  deterioration  of  the  mental  status.  A  re- 
peat lumbar  puncture  revealed  clear,  colorless  fluid  under  normal  pressure  and  a  protein  of 
81  mg%.  Chest  x-ray  was  normal.  Skull  x-rays  showed  the  pineal  markedly  shifted  right  to 
left.  An  electroencephalogram  revealed  1-2  cps  activity  in  the  right  temporal  region,  mono- 
phasic  and  polypliasic  spikes  in  the  right  occipital  area.  A  right  carotid  angiogram  revealed 
a  neoplasm  in  the  parietal-occipital  region. 

Course:  Because  of  his  general  poor  medical  conilition,  he  was  given  radiotherapy  rather 
than  subjected  to  surgery. 

Comment:  Although  the  diagnosis  of  vascular  disease  was  thought  most  likely,  the  rela- 
tively rapid  progression  over  a  nine-month  period  with  involvement  of  the  visual  system 
indicated  a  possible  focal  lesion  in  the  right  parietal-occipital  region.  Following  his  second 
admission,  when  it  was  noted  that  his  neurological  clinical  condition  had  worsened,  the 
cerebrospinal  fluid  protein  had  become  abnormal  anil  a  mass  lesion  was  strongly  suspected 
and  confirmed. 

Case  14.  An  83  year  old  woman  was  well  except  for  progressive  loss  of  hearing  over  "many 
j'ears."  She  accidentally  bumped  her  left  temple  against  a  glass  knob  and,  although  there  was 
no  loss  of  consciousness,  she  developed  persistent  frontal  head  pain.  Two  weeks  later,  her 
visual  acuity  diminished  in  the  left  eye  and  she  had  a  sensation  of  "seeing  stars"  in  that  eye. 
The  stars  seemed  to  move  to  the  left.  Three  weeks  later,  she  developed  poor  vision  in  the 
right  eye  and  objects  appeared  blurred.  By  this  time,  the  left  eye  was  almost  completely 
blind. 
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The  general  medical  examination  was  normal  for  her  ago. 

Neurological  Examination:  Mental  status — this  was  normal  for  her  age.  Cranial  nerves — 
smell  was  markedly  decreased  in  the  left  nostril  as  compared  with  the  right.  In  the  left  eye, 
there  was  no  light  perception.  However,  she  saw  images  consisting  of  black  and  gray  flowers 
which  constantly  moved.  There  was  a  dense  cataract  and  the  fundus  could  not  be  seen.  In 
the  right  eye,  there  was  a  riglit  nasal  field  cut,  most  marked  in  the  upper  quadrant.  There  was 
also  some  impairment  of  the  temporal  field  in  the  right  ej'e.  The  right  disc  was  somewhat 
pale.  The  right  pupil  reacted  to  direct  light,  but  did  not  react  conscnsually.  The  left  pupil 
did  not  react  to  light,  but  did  react  con.sensually.  There  was  bilateral  diminished  hearing. 
Motor  status — normal.  Reflexes — normal.  No  Babinski  sign.  Sensory  examination — normal 
for  her  age.  A  bruit  was  heard  over  the  left  carotid  artery. 

Laboratory  Data:  A  blood  count  revealed  a  leukocytosis,  with  64%  polys.  A  urinalysis 
was  normal.  Sedimentation  rate  was  69  mm  per  hour.  Fasting  blood  sugar,  urea-nitrogen,  se- 
rum proteins,  .serum  electrolytes  and  alkahne  phosphatase  were  normal.  Serology  test  was 
negative.  A  lumbar  puncture  revealed  clear,  colorless  fluid  under  normal  pressure.  No  cells 
were  seen.  The  protein  was  45  mg%.  Chest  and  skull  x-rays,  including  orbital  view,  were  nor- 
mal. An  electroencephalogram  revealed  minimal  abnormality  of  4-7  cps  activity  diffusely 
present. 

Course:  The  initial  impression  was  that  there  was  a  possible  lesion  of  the  optic  chiasm. 
However,  one  observer  thought  that  there  was  a  palpable,  tender  temporal  artery.  Because 
of  the  possibility  of  temporal  arteritis,  the  patient  was  immediatelj'  started  on  intravenous 
adrenal  corticotrophic  hormone.  After  two  to  three  da.ys,  she  was  continued  on  prednisone 
orally.  A  left  carotid  arteriogram  was  normal.  A  biopsy  of  the  right  temporal  artery  was  per- 
formed, which  revealed  a  granulomatous  arteritis.  The  adrenal  hormone  was  gradually  re- 
duced and  she  was  discharged  for  further  care  at  home. 

Comment :  This  unusual  case  was  considered  to  have  a  chiasma  lesion  most  likely  due  to 
a  tumor.  The  diagno.sis  of  temporal  arteritis  is  not  often  considered,  especially  in  the  absence 
of  temporal  pain.  Progressive  blindness  without  pain  due  to  this  condition  has  been  reported 
(8).  When  vision  is  acutely  impaired,  close  inspection  and  palpation  of  the  external  temporal 
arteries  should  always  be  made. 

The  cases  described  above  demonstrate  how  difficult  it  is  to  make  a  proper 
diagnosis. 

The  mode  of  onset  can  be  sudden  in  space-occupying  lesions,  as  well  as  vascu- 
lar disease.  Moreover,  the  former  can  remiss  temporarily,  simulating  a  "stroke." 
Conversely,  vascular  disease  of  the  aged  may  begin  gradually  and  then  progress, 
leading  to  the  suspicion  of  the  presence  of  a  mass  lesion.  Of  27  patients  who  had 
neoplasms,  9  presented  as  "strokes."  Five  of  the  8  patients  who  had  subdural 
hematomas  were  not  suspected  of  having  such  lesions.  28  of  112  patients  who 
were  discharged  as  having  vascular  disease  were  initially  thought  to  most  likely 
have  space-occupying  lesions. 

The  laboratory  examinations  have  likewise  been  inconsistent. 

Although  lytic  lesions,  abnormal  calcifications  and  a  shifted  pineal  gland  do 
occur,  in  most  cases  of  space-occupying  lesions  the  plain  x-rays  were  normal. 
Chest  x-rays  have  been  of  more  value,  since  carcinoma  of  the  lung  (or  elsewhere 
metastasizing  to  the  lung)  has  been  relatively  common,  especially  when  the 
cerebral  manifestation  is  the  first  indication  of  a  gross  illness. 

The  electroencephalogram  frequently  shows  slow  activity  in  the  region  of  the 
pathology,  but,  at  no  time  can  the  abnormal  electrical  activity  reflect  an  etiology. 
However,  the  electroencephalogram  has  been  abnormal  (including  slow  wave 
foci),  but  no  demonstrable  lesions  have  been  found.  Contrariwise,  a  normal  rec- 
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ord  has  been  obtained  from  patients  with  definite  evidence  of  focal  neurological 
pathology.  In  so-called  "diffuse  vascular  disease,"  actually  a  wastepaper  basket 
diagnosis  (a  preferable  term  is  encephaloi)athy,  cause  undetermined) ,  the  electro- 
encephalogram may  be  normal  or  may  show  mild  to  moderate  diffuse  slow  ac- 
tivity. A  conservative  opinion  is  that  the  clectroencephalogi'am  can  confirm  the 
presence  of  cerebral  pathology  and  may  localize  it.  However,  the  record  may  be 
normal  in  spite  of  the  presence  of  cerebral  disease.  Also,  patients  have  been  re- 
ported with  false  localization  (the  electrical  focus  and  actual  pathology  residing 
in  different  hemispheres  or  far  apart  in  one  hemisphere)  (9) . 

The  lumbar  puncture  can  give  positive  information,  such  as  hemorrhage  and 
xanthochromia.  However,  the  fluid  has  been  clear  and  colorless  in  patients  who 
have  bled,  ljut  whose  lesions  have  not  had  time  to  extend  into  the  subarachnoid 
space  or  ventricular  system.  Manometric  determinations  are  not  reliable — many 
patients  with  space-occupying  lesions  have  noi'mal  pressure.  Of  course,  this  may 
reflect  early  investigations  for  such  lesions  before  they  begin  to  raise  the  intra- 
cranial pressure.  In  this  group  of  patients,  almost  all  had  no  increase  in  white 
blood  cells.  Red  blood  cells,  crenated  versus  fresh,  were  usually  consistent  with 
the  presumed  time  of  onset  of  hemorrhage.  The  cerebrospinal  fluid  protein  was 
of  help  in  space-occupying  lesions,  in  that  it  was  frequently  elevated.  But  there 
were  false  positive  findings.  Theoretic  explanations  have  been  offered,  such  as 
the  possibility  of  increased  protein  due  to  a  concomitant  illness  such  as  diabetes 
mellitus  or  due  to  a  possible  chronic  (and  incidental)  compression  of  the  spinal 
cord  by  herniated  discs  or  cervical  spondylosis.  Also,  there  were  patients  with 
mass  lesions  whose  cerebrospinal  fluid  protein  determinations  were  normal. 

The  pneumoencephalogram  and  carotid  angiogram  were  of  major  importance 
in  elucidating  the  diagnoses.  However,  at  times,  these  procedures  can  be  normal 
and  then,  when  repeated  as  a  patient's  condition  progresses,  may  reveal  a  mass 
lesion.  Infiltrative  gliomas  especially  may  be  missed  on  an  initial  work-up.  Not 
infrequently,  patients  present  with  focal  findings,  especially  focal  seizures,  and 
only  diffuse  atrophy  and  dilatation  of  the  ventricular  system  is  seen.  The  im- 
portant question  of  the  risk  of  doing  these  procedures  can  only  be  answered  by 
noting  firstly  that  elderly  patients  can  undergo  these  tests  without  untoward 
effect.  Secondly,  although  morbidity  exists  and  is  higher  in  the  older  population, 
the  indications  of  a  pneumoencephalogram  or  carotid  angiogram  should  be  the 
total  clinical  problem.  Each  case  must  he  evaluated  individually.  Management, 
including  possible  surgery,  and  intelligent  prognosis  can  best  be  accomplished 
with  as  much  information  as  possible.  Carotid  arteriography  has  recently  been 
of  inestimable  value  in  the  diagnosis  and  management  of  subdural  hematoma. 
It  is  now  feasible  to  observe  such  patients,  many  of  whom  have  l)lood  clots  which 
spontaneously  remiss.  This  is  a  distinct  advantage  in  an  age  group  which  does 
not  do  as  well  as  younger  patients  following  intracranial  surgery. 

The  impression  of  the  above-mentioned  inconsistencies  must  raise  doubt  as  to 
the  ease  of  making  a  proper  diagnosis.  The  illustrative  cases  emphasize  the  prob- 
lem. The  aged  do  present  major  difficulties  in  diagnosis  and  the  fact  of  the  high 
incidence  of  vascular  disease  does  not  necessarily  aid  the  clinician.  One  may 
readily  ask  the  questions:  Does  one  investigate  every  aged  patient  who  has  evi- 
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donee  of  cerebral  disease?  Is  there  any  indication  as  to  when  neurological  work- 
up should  be  reconnnended? 

It  is  important  to  note  one  element,  which  is  consistent  throughout  most  of 
these  169  cases.  Most  of  them  gave  a  history  of  recent — weeks  to  a  few  months 
land  frequently  sudden) — alteration  of  cerebral  function.  In  slow,  progressive 
mental  deterioration,  associated  with  aging,  the  history  usually  goes  back 
"years."  Whenever  the  alteration  in  mental  function  is  relatively  recent,  the 
clinician  should  bo  alerted  to  the  possibility  of  gross  structiu'al  changes.  The 
etiology  of  such  dysfunction  can  only  be  determined  by  a  complete  neurological 
diagnostic  work-up.  When  such  a  study  should  be  performed  is  a  matter  to  be 
decided  by  the  neurologist  in  each  case.  There  are  many  factors,  such  as  the 
general  medical  condition,  the  severity  (and  potential  morbidity)  of  a  neurologi- 
cal deficit  (especially  if  the  dominant  hemisphere  is  involved),  and,  though  not 
often  stressed,  the  feelings  and  thoughts  of  relatives. 

As  time  increases  the  neurologist's  experience,  many  note  that  relatives  are 
less  and  less  willing  to  be  satisfied  with  opinions  based  on  statistical  probabilities. 

CONCLUSION 

It  is  difficult  to  determine  the  etiology  of  cerebral  disease  of  the  aged  on  the 
basis  of  mode  of  onset,  clinical  course,  and  basic  laboratory  procedures,  including 
plain  x-rays,  electroencephalography  and  lumbar  puncture. 

Complete  neurological  investigation,  including  pneumoencephalography  and/ 
or  angiography,  is  feasible  in  the  aged.  Potential  morbidity  must  be  weighed 
against  the  value  of  information  to  be  obtained.  Each  case  should  be  decided 
individually. 

Elderly  patients  who  develop  relatively  rapid  alterations  in  mental  function- 
ing are  highly  suspect  of  having  gross  structural  changes  due  to  neoplasm — either 
primary  or  secondary,  subdural  hematoma,  infection,  toxic-metabolic  disturb- 
ances, as  well  as  intrinsic  vascular  disease. 
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Atleiiorarciiioiiia  <>f  the  Small  Intestine  Oeeurrinjj 
in  a  Case  of  Rej^ional  Enteritis 

LEON  G.  BERMAN,  M.D..  and  JOHN  T.  PRIOR,  M  L). 
Syracuse,  N.  Y. 

Since  the  first  classical  description  of  regional  enteritis  in  1932  by  Crohn, 
Ginzburg  and  Oppenheimer  (1),  the  disease  has  been  recognized  with  increasing 
frequency.  Its  clinical  and  pathological  manifestations  have  been  well  docu- 
mented with  extensive  follow-ups  in  a  large  number  of  cases.  In  recent  years 
there  have  been  six  isolated  case  reports  of  carcinoma  of  the  small  bowel  as- 
sociated with  regional  enteritis  (2  through  7)  and,  in  view  of  the  extremely 
low  incidence  of  primary  carcinoma  of  the  small  intestine,  the  association 
may  be  significant.  The  occurrence  of  adenocarcinoma  of  the  colon  in  chronic 
ulcerative  colitis  seems  to  be  a  function  of  time,  with  frequency  established 
in  various  series  from  5  to  7  per  cent  in  cases  followed  more  than  ten  years  (8). 
The  following  case  report  again  associates  chronicity  of  enteric  disease  with 
the  development  of  adenocarcinoma. 

C.\SE  REPORT 

T.  R.,  a  51  year  old  Italian  shoemaker,  was  admitted  to  the  University 
Hospital  on  December  26,  1962,  with  a  two  week  history  of  progressive  abdom- 
inal cramps,  distention,  nausea  and  constipation.  During  the  past  several 
months  he  had  been  eating  poorly  and  had  reduced  in  weight  from  145  to  126 
pounds. 

He  had  seen  a  doctor  only  occasionally  for  many  years,  but  on  close  question- 
ing he  admitted  having  repeated  episodes  of  intermittent  midabdominal  cramp- 
ing pains  for  at  least  twenty-five  years.  In  this  interval,  three  gastrointestinal 
roentgenologic  examinations  w-ere  made  with  reportedly  negative  findings.  He 
has  had  mild  diarrhea  and  constipation  off  and  on,  and  described  some  increased 
mucus  in  the  stool  Init  never  passage  of  blood.  In  past  years  he  had  been  treated 
for  "spastic  colitis"  and  was  generally  considered  a  neurotic  person.  However, 
throughout  this  time  he  never  lost  a  day's  work  from  his  shoemaker  shop. 

Just  prior  to  this  hospital  admission,  a  barium  enema  examination  revealed 
some  narrowing  of  the  distal  ileum  and  a  peculiar,  pouch-like  dilatation  of  the 
ileum  proximal  to  this  which  was  interpreted  as  being  a  Meckel's  diverticulum. 
Because  of  x-ray  evidence  that  there  was  small  bowel  obstruction  at  this  time, 
a  small  bowel  series  was  not  performed.  Other  than  the  ]iatients'  abdominal 
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coin|)l;iints,  his  past  liistory  had  hccii  ciitii'cly  uneventful  and  he  had  never 
been  liospitalized  before. 

Pliysieal  examination  I'eveaU'd  a  small,  wiry,  niuscidar  man  who  evidently 
underwent  recent  weight  loss.  Vital  signs  were  within  noinial  limits.  l)esi)ite  his 
abdominal  distress  and  cramps,  he  was  spry,  noncomi)lainiiig  and  cooperative. 
The  abdomen  showed  potty  distention  in  its  lower  half  and  high-i)itched  hyj)er- 
active  bowel  sounds  were  audible.  There  were  no  |)al|)able  masses.  Rectal  and 
proctoscopic  examinations  were  negative. 

Laboratory  Data:  Blood  count,  urinalysis  and  electrolyte  deteiniination  were 
within  normal  range.  A  plain  film  of  the  abdomen  confirmed  the  impression  of 
mechanical  distal  small  bowel  obstruction. 

Opcratii'C  FitKlings:  Because  of  the  long  history  and  the  x-ray  evidence  of  a 
narrowing  of  the  terminal  ileum,  a  preoperative  diagnosis  of  regional  enteritis 
with  cicatricial  obstruction  was  made.  He  was  explored  through  a  long  right 
rectus  muscle-splitting  incision.  The  findings  were  those  of  classical  regional 
enteritis  involving  the  terminal  four  feet  of  the  ileum.  At  a  point  8  cm  proximal 
to  the  cecum  there  was  a  dense  cicatrix  with  complete  stenosis  of  the  lumen 
which  admitted  only  the  tip  of  a  hemostat.  There  was  eccentric  dilatation  of  the 
small  bowel  proximal  to  this  which  accounted  for  the  pouch-like  structure  seen 
on  x-ray.  There  were  areas  of  alternate  dilatation  and  thickening  of  the  bowel 
wall  in  the  involved  area  with  overgrowth  of  the  mesentery  and  many  large 
succulent  mesenteric  lymph  nodes.  There  was  no  evidence  suggestive  of  carci- 
noma on  gross  examination.  The  small  bowel  up  to  the  ligament  of  Treitz  dis- 
closed no  lesions.  The  remainder  of  the  abdominal  exploration  was  negative. 

An  ileocolic  resection  was  performed  including  5  feet  of  terminal  ileum  and  the 
ascending  colon,  where  an  end-to-end  ileo-ascending  colostomy  was  performed. 

The  postoperative  course  was  uneventful  and  the  patient  was  discharged  ten 
days  after  surgery.  His  only  complaint  after  discharge  has  been  the  occurrence 
of  mild  diarrhea  with  4  to  5  soft  passages  a  day.  He  gained  20  pounds  in  weight 
in  the  montli  following  discharge. 

PATHOLOGY 

The  gross  specimen  consisted  of  a  segment  of  ileum,  cecum  and  ascending  colon 
measuring  SVk  feet  in  length.  The  only  normal  appearing  bowel  was  located  at 
either  resection  limit  and  measured  6  inches  in  length.  The  intervening  bowel 
was  characterized  by  alternating  areas  of  constriction  and  dilatation  (Fig.  1). 
The  serosa  throughout  these  zones  showed  filjrinous  exudate  and  vascular  con- 
gestion. The  mesenteric  lymph  nodes  were  enlarged  and  boggy  in  consistency. 
In  both  dilated  and  constricted  zones,  the  bowel  mucosa  showed  a  similar  pat- 
tern, characterized  by  mucosal  ulcerations  which  were  irregular  in  size  and  shape 
and  did  not  tend  to  conform  to  the  long  axis  of  the  bowel  or  to  have  any  pre- 
dilection for  the  mesenteric  attachment  (Fig.  2) .  These  ulcerations  had  an  under- 
mining effect  on  adjacent  edematous  preserved  mucosa  with  the  result  that 
pseudopolypoid  excrescences  were  present.  The  ulcerations  were  often  deep,  so 
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that  even  grossly  the  true'  niusch'  coat  i  imisciihiris  jiropria)  seemed  exposed — 
an  observation  not  substantiated  on  microscopic  study. 

^licroscopic  examination  of  the  ulcerated  areas  in  both  small  and  large  bowel 
showed  denudation  of  the  epithelium  and  replacement  by  a  thin  strand  of  fibrin. 
Beneath  this,  in  the  lamina  propria,  were  dense  collections  of  lymphocytes, 
plasma  cells,  and  some  eosinophiles.  Just  underneath  this  zone,  there  was 


Fig.  1.  Segment  of  small  bowel.  The  upper  specimen  ilhi.strates  dilatation  while  the  lower 
one  is  thickened  and  contracted. 


abundant  granulation  tissue  which  extended  as  far  as  the  muscularis  mucosa 
(Fig.  3).  This  latter  structure  showed  focal  thickening  of  the  muscular  tissue. 
Small  areas  of  cryptitis  were  occasionally  noted  and  epithelial  regeneration  was 
seen  on  the  margins  of  the  ulcerations.  The  intact  epithelium  of  the  mucosa 
demonstrated  a  marked  increase  in  the  number  of  goblet  cells.  The  submucosa 
was  characterized  by  edema  and  nodules  of  mature  lymphocytes  and  marked 
distention  of  the  lymphatic  vessels.  Hypertrophy  and  nodules  of  lymjihocytes 
were  seen  in  the  muscularis  propria.  The  serosa  showed  evidence  of  edema, 
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lymphatic  dilatation  and  nodules  of  lymphocytes.  Granulomata  or  tubercles 
were  not  seen  either  in  the  bowel  or  in  the  mesentci'ic  lymph  nodes.  The  lymph 
nodes  disclosed  only  sinusoidal  lining  cell  hyperplasia  and  active  germinal  cen- 
ters. 

While  these  changes  were  representative  of  most  of  the  bowel,  one  of  the 
grossly  thickened  zones  in  the  ileum  had  a  most  unusual  appearance.  A  large 
zone  of  mucosal  polypoid  hyperplasia  was  present  (Fig.  4) .  The  pattern  mim- 
icked the  gross  configuration  of  the  adenomatous  polyp,  but  the  epithelial  cells 
were  stratified,  hyperchromatic  and  contained  many  mitotic  figures.  Broad  zones 


Fig.  5.  Well-diffen  ni  i.n  i  il  mli  iKir.iiriiKJina  i  \i(  niliiig  iluough  ciitiie  tliickm ni  small 
bowel.  (X  44) 

of  mucosal  ulceration  bordered  on  these  areas  and  large  numbers  of  well-differ- 
entiated glandular  structures  could  be  traced  from  one  of  these  junctions  through 
all  coats  of  the  bowel  into  the  serosa  (Fig.  5 ) .  Some  of  the  glands  appeared  to  lie 
within  spaces  suggesting  lymphatic  vessels,  but  close  study  disclosed  these  to  be 
fixation  shrinkage  artefact.  The  diagnosis  was  a  "well  differentiated  adenocarci- 
noma with  serosal  extension  arising  in  small  bowel  showing  typical  changes  of 
regional  enteritis." 

DISCUSSION 

Ulcerative  colitis  does  not  evoke  true  polyp  formation  so  that  the  incidence 
of  carcinoma  in  this  disease  (5-7%)  is  presumed  to  be  associated  with  the 
chronicity  of  the  mucosal  inflammation  and  its  regenerative  activity.  The  cases 
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in  which  malignancy  develops  usually  have  a  history  of  ten  to  fifteen  years  of 
the  disease.  The  case  described  here,  of  a  carcinoma  occurring  in  regional  enteri- 
tis, shows  changes  suggesting  that  the  neoplasm  arose  in  association  with  polyp- 
oid hyperplasia.  The  tumor  is  extremely  well  differentiated,  with  the  individual 
cells  looking  no  more  atypical  than  those  cells  in  the  polypoid  hyperplasia  zones. 
The  pattern  of  growth,  however,  with  serosal  extension,  makes  a  diagnosis  of 
carcinoma  in  this  case  evident. 

There  are  very  rare  instances  of  a  carcinoma  arising  in  association  with  re- 
gional enteritis.  A  report  by  Ginzburg  et  al.  describes  an  anaplastic  carcinoma 
of  the  jejunum  which  invaded  the  serosa  and  was  not  recognized  at  the  time  of 
surgical  removal  of  the  diseased  jejunum  (2).  Seven  months  later,  an  explora- 
tory laparotomy  in  this  patient  for  epigastric  pain  disclosed  metastatic  carci- 
noma within  the  liver.  The  authors  feel  that  this  rare  complication  of  regional 
enteritis,  in  contradistinction  to  the  relative  frequency  of  carcinoma  in  ulcera- 
tive colitis,  may  be  due  to  the  fact  that  carcinoma  occurs  frequently  in  the  colon 
and  only  rarely  in  the  small  intestine. 

A  recent  report  by  Hoffert  et  al.  describes  a  well-differentiated  adenocarcinoma 
arising  in  the  terminal  ileum  of  a  forty  year  old  man  who  had  been  subjected  to 
an  ileotransverse  colostomy  for  ileitis  two  months  previously  (3).  The  tumor, 
like  the  one  described  in  this  report,  infiltrated  the  entire  thickness  of  the  wall 
with  extension  into  surrounding  fat.  Study  of  the  photomicrographs  of  this  case 
shows  relatively  little  mucosal  aberrations  and  nothing  comparable  to  the 
polypoid  changes  seen  in  our  case. 

Kornfeld  et  al.  describe  an  instance  of  adenocarcinoma  occurring  in  regional 
jejunitis  (4).  The  patient,  a  36  year  old  woman  with  symptoms  for  eight  years, 
had  a  carcinoma  just  distal  to  the  ligament  of  Treitz  with  extension  into  the 
roots  of  the  mesentery  and  upward  over  the  pancreas  in  the  vicinity  of  the  su- 
perior mesenteric  trunks.  A  retrocolic  anastomosis  between  the  transverse  duo- 
denum and  the  bowel  immediately  beyond  the  involved  jejunum  was  performed 
and  the  patient  survived  for  five  months.  At  autopsy,  an  ulcerated  polypoid 
carcinoma  measuring  5  cm  in  length  encircled  the  bowel  just  distal  to  the  liga- 
ment of  Treitz.  The  microscopic  illustrations  revealed  a  high  grade  adenocarci- 
noma which  had  spread  to  lymph  nodes,  lungs,  liver  and  bones. 

Bersack  et  al.  describe  a  man  who  first  came  under  observation  at  26  years  of 
age  with  abdominal  pain,  and  loss  of  appetite  and  weight  (  5) .  The  patient  mani- 
fested intestinal  symptoms  over  a  nine  year  period  during  which  he  became 
progressively  weaker  and  expired.  At  autopsy,  there  was  a  difTuse  adenocarci- 
noma involving  segments  of  the  small  intestine  as  well  as  cecum,  ascending  colon 
and  distant  metastases.  No  typical  histologic  evidence  of  regional  enteritis  could 
be  identified,  although  nonspecific  inflammation  was  present.  The  only  sug- 
gestive histology  was  the  presence  of  pyloric  type  glands  in  a  section  of  ileum. 
The  origin  of  the  carcinoma  was  not  established.  It  is  our  opinion  that  this  case 
is  not  a  convincing  example  of  carcinoma  arising  in  regional  enteritis. 

Weingarten  and  Weiss  briefly  describe  a  case  of  adenocarcinoma  occurring  in 
a  28  year  old  woman  with  a  history  of  recurrent  regional  enteritis  (6j .  This  pa- 
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ticnt  was  operated  upon  tliii'e  times  because  of  persistent  stricture  formation 
in  the  space  of  five  years.  Twenty-six  months  after  tlie  second  operation,  the 
patient  developed  a  series  of  spontaneous  cutaneous  fecal  fistulas  fi'om  a  section 
of  the  involved  enteritis.  Thereafter,  her  condition  deteriorated  rapidly  and, 
at  the  third  operation,  a  section  of  extremely  thickened  small  bowel  with  tumor 
nodules  scattered  through  the  abdomen  was  found.  Pathological  examination 
revealed  chronic  inflammatory  disease  with  multii)le  strictures  as  well  as  adeno- 
carcinoma involving  all  layers  except  the  serosa. 

Weingarten  et  al.  report  an  adenocarcinoma  occm'ring  in  the  jejunum  in  non- 
specific granulomatous  enteritis  (7).  The  tumor  occurred  in  a  "by-passed"  small 
bowel  loop  in  a  patient  who  had  been  under  constant  observation  by  one  of  the 
authors  for  twenty-one  years.  The  tumor  was  a  relatively  high  grade  adeno- 
carcinoma arising  in  the  mucosa  of  the  jejunum  and  extending  into  the  mus- 
cularis.  It  had  metastasized  to  regional  lymph  nodes,  peritoneum,  liver,  lungs, 
uterus  and  ovaries. 

The  pattern  of  recurrent  ulceration  and  regeneration  over  a  long  period  of 
time  common  to  chronic  ulcerative  colitis  and  regional  enteritis  may  present  an 
anlage  for  the  development  of  carcinoma  in  these  diseases.  The  increase  in 
mitotic  activity  and  the  statistical  chance  for  mutation  associated  with  the 
reparative  process  may  be  significant  factors  in  the  development  of  carcinoma. 

SUMMARY  AND  CONCLUSIONS 

1.  To  date,  there  have  been  seven  case  reports  of  adenocarcinoma  of  the  small 
intestine  associated  with  regional  enteritis. 

2.  It  is  suggested  that  chronic  ulcerative  disease  of  the  intestine  may  set  the 
stage  for  the  development  of  carcinoma. 

3.  These  clinical  observations  should  be  extended. 
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Uc'iial  Glycosuria,  Acidosis  and  Dehydration  Following 
Administration  of  Outdated  Tetracycline 

MAURICE  J.  ZIMMERMAN,  M.D.,  and  J.  LAWRENCE  WERTHER,  M.D. 

New  York,  N.  Y. 

Recent  reports  by  Gross  (1)  and  Frimpter  et  al.  (2)  have  described  the  onset 
of  an  acquired,  adult-type  Fanconi  syndrome  in  patients  being  treated  with 
tetracycline.  The  syndrome  was  characterized  by  diminished  renal  function, 
acidosis,  proteinuria,  glycosuria  and  amino-aciduria. 

There  is  controversy  at  present  as  to  whether  the  defect  is  caused  by  tetra- 
cycline per  se,  or  by  a  toxic  degradation  product  of  tetracycline,  anhydro-tetra- 
cycline. 

The  fifth  such  case  to  be  described  follows  here.  A  review  of  the  recent  litera- 
ture is  also  included. 

CASE  REPORT 

A  31  year  old  single  white  female  schoolteacher  was  admitted  to  The  Mount 
Sinai  Hospital  on  March  5,  1963,  because  of  nausea,  vomiting,  weakness  and 
dehydration  of  four  to  five  days'  duration. 

She  had  been  well  all  her  life  except  for  occasional  exacerbations  of  asthmatic 
bronchitis.  Several  years  previously,  investigation  of  mild  hirsutism  revealed  a 
normal  menstrual  history.  The  physical  examination  was  negative  except  for 
slight  clitoral  enlargement.  Laboratory  values  at  that  time  revealed:  hemo- 
globin 12.4  Gm%,  fasting  blood  sugar  74  mg%,  BUN  17  mg%,  total  protein,  al- 
bumin, globulin  and  17-ketosteroid  levels  normal.  She  was  noted  to  be  allergic 
to  both  penicillin  and  erythromycin. 

Family  history  revealed  that  both  grandmothers  had  diabetes  mellitus  and 
her  only  sibling,  an  older  brother,  had  hyperglycemia  on  a  glucose  tolerance  test. 

On  February  12,  1963,  three  weeks  prior  to  admission,  she  developed  an  ill- 
ness characterized  by  sore  throat,  generalized  malaise,  mild  fever  and  productive 
cough.  Without  medical  advice  she  began  to  take  fresh  tetracycline,  borrowed 
from  her  roommate,  one  gram  per  day  for  four  days,  and  noted  improvement  in 
her  symptoms. 

On  February  20,  1963,  her  supply  of  fresh  tetracycline  ran  out  and  she  began 
to  take  one  to  two  grams  per  day  of  tetracycline  tablets  that  were  at  least  IV2 
years  old  and  noted  to  be  discolored. 

She  first  sought  the  advice  of  a  physician  on  February  25,  and  was  noted  to 
have  a  sinusitis  and  bronchitis  with  profuse  nasal  discharge,  yellow  sputum  and 
audible  and  palpable  rhonchi.  A  chest  x-ray  was  normal.  White  blood  cell  count 
11,000,  BUN  13  mg%,  2  hour  postprandial  blood  sugar  84  mg%.  A  urine  analysis 
revealed  specific  gravity  of  1.010,  negative  for  sugar  and  protein,  3-5  white  cells 
and  0-1  red  cells  per  high  i)ower  field.  Serum  total  protein,  albumin,  globulin  and 
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alkaline  phcsphatasc  were  normal.  Her  weight  was  127  pounds.  Novobiocin  and 
tetracycline  were  prescribed.  The  patient  did  not  take  novobiocin  until  February 
28,  and  stopped  taking  this  drug  after  only  two  capsules  because  of  nausea. 
However,  she  noted  nausea  even  prior  to  taking  novobiocin.  She  continued  to 
take  her  discolored  tetracycline  tablets. 

On  March  1,  she  developed  nausea,  vomiting  and  weakness.  There  was  no  fever 
or  abdominal  pain.  Nausea,  vomiting  and  weakness  continued  to  increase,  and 
when  she  was  next  seen,  slight  abdominal  discomfort  was  noted.  The  urine  and 
stool  were  normal  in  appearance. 

On  ^March  5,  the  day  of  admission  to  hospital,  the  patient  was  found  to  have 
4+  glycosuria  (Testape)  and  4+  albuminuria  (sulfosalicylic  acid). 

On  physical  examination  at  the  hospital  she  was  a  pale,  and  dehydrated  white 
female  who  was  markedly  lethargic  and  weak.  Blood  pressure  was  100/70  mm 
Hg,  pulse  90  per  minute,  regular  and  weak.  The  temperature  was  100.4°F.  and 
respirations  22  per  minute.  The  remainder  of  the  physical  examination  was  un- 
revealing,  aside  from  the  hirsutism. 

Initial  laboratory  data  revealed  a  hemoglobin  of  16.2  Gm%,  white  blood 
count  18,800  per  c  mm  with  a  left  shift.  On  urine  analysis  the  specific  gravity 
was  1.028,  acid  reaction  to  litmus  paper,  4+  all)uminuria  (sulfosalicylic  acid) 
and  4+  glycosuria  (Clinitest  tablets)  and  4+  acetonuria  (Acetest  tablets) .  Mi- 
croscopic examination  revealed  an  occasional  red  blood  cell,  10-12  white  blood 
cells  and  an  occasional  granular  cast  per  high  power  field.  The  BUN  w'as  8  mg%, 
glucose  82  mg%,  COo  8.5  niEq/L,  sodium  133  mEq/L,  potassium  3.0  mEq/L, 
and  chloride  111  mEq/L.  The  serum  acetone  was  negative. 

Hospital  Course 

Treatment  of  the  acidosis  and  dehydration  was  begun  with  intravenous  in- 
fusions of  normal  saline  with  the  addition  of  potassium  and  1/6  mol  sodium 
lactate.  Later  potassium  was  given  orally.  Despite  fluid  and  electrolyte  re- 
placement, her  acidosis  persisted  until  the  ninth  hospital  day,  and  her  serum 
potassium  was  low  until  the  third  hospital  day.  Proteinuria  and  glycosuria  per- 
sisted until  the  nineteenth  hospital  day.  Blood  sugars  were  normal  throughout 
the  hospital  stay.  At  the  same  time  she  produced  an  alkaline  urine  of  low  specific 
gravity. 

An  electrocardiogram  on  admission  revealed  depressed  ST  segments  in  leads 
II,  III,  and  AVF,  and  a  flat  T  wave  in  V5  and  \e  ■  Later  in  her  course  the  EGG 
was  normal. 

On  the  fourth  hospital  day  her  BUN  rose  to  44  mgSo  and  remained  in  this 
range  until  the  ninth  hospital  day.  At  that  time  it  was  20  mg%  and  has  since 
remained  normal. 

During  the  first  four  hospital  days,  as  a  result  of  fluid  replacement  she  regained 
nine  of  the  twelve  pounds  she  had  lost. 

An  intravenous  pyelogram  and  an  upper  gastrointestinal  x-ray  series  were 
normal. 

On  the  twenty-second  hospital  day  her  Umax  (maximal  urinary  concentration) 
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TABLE  1 


Sunniuiry  of  Blood  Counts  and  Chemistries  Before,  Daring  and  After  Hospitalization 


Hosp.  Day 

Date 


H^h 

(in  Gm 

%) 

WBC 

(in 
lOOO's) 

BUN 

(in  mg 

%) 

Sugar 
(in  mg 

%) 

oodium 

(in 
mEq/L) 

^  nio- 
ride  (in 
mEfiy'L) 

Potas- 
sium (in 
mEq/L) 

Carbon 
dioxide 

\'n 
mEq/L) 

Calcium 
(in  mg 

%) 

Phos- 
phorus 
(in  mg 

%) 

7  days  prior 

2-25 

— 

11.0 

15 

85* 

to  admis- 

sion 

1 

3-5 

16.2 

18.8 

8 

82 

133 

111 

3.0 

8.5 

— 

— 

2 

3-0 

14.0 

20.4 

16 

42 

145 

125 

2.4 

8.5 

— 

— 

3 

3-7 

— 

19 

85 

148 

123 

4.0 

13.5 

10.0 

0.9 

4 

3-8 

10.3 

18.0 

44 

95 

152 

125 

4.5 

15.0 

— 

— 

5 

3-9 

9.3 

14.1 

47 

112 

133 

118 

3.8 

15.0 

0.7 

— 

7 

3-11 

9.7 

15.6 

46 

100 

146 

121 

3.5 

17.0 

— 

9 

3-13 

— 

20 

78 

145 

116 

3.8 

21.0 

If).  2 

2.0 

12 

3-16 

1 1 . 1 

16.5 

115 

14 

3-18 

19 

79 

150 

112 

4.2 

18.0 

16 

3-20 

92 

141 

97 

4.2 

16.0 

9.9 

2.8 

18 

3-22 

85* 

21 

3-25 

17 

106 

20.0 

22 

3-26 

10.8 

9.7 

23 

3-27 

8.5 

18 

142 

113 

3.6 

24.5 

4-3 

12.0 

11.8 

18 

82* 

140 

105 

23.0 

10.0 

7-27 

15 

98* 

138 

102 

4.0 

23.0 

11.3 

4.3 

*  2  hour  postprandial  blood  sugar  in  mg9c .  All  other  determinations  are  on  fasting  speci- 
mens . 


TABLE  II 


Summary  of  Urine  Analyses  and  Weights  During  Hospitalization 


Hosp. 
Day 

Date 

Spec. 
Gravity 

Reaction 

Albumin 

Sugar/ 
Acetone 

RBC 

WBC 

Casts 

Weight 

1 

3-5 

1.028 

Acid 

4+ 

4+/4+ 

occ 

10 

6  gran 

115 

4 

3-8 

1.014 

Alk. 

3+ 

4+/0 

occ 

occ 

0 

124 

5 

3-9 

1.010 

Alk. 

1  + 

2+/0 

4-8 

occ 

occ 

129 

6 

3-10 

1.010 

Acid 

2+ 

0/0 

2-3 

4-5 

0 

127 

7 

3-11 

1.010 

Alk. 

2-f 

Tr/0 

occ 

1-2 

0 

10 

3-14 

1.010 

Alk. 

2+ 

Tr/0 

2-4 

3-5 

occ 

118 

12 

3-16 

1.012 

Alk. 

2+ 

Tr/0 

0 

3-4 

occ 

117 

14 

3-18 

1.008 

Acid 

Tr 

Tr/0 

0 

5-6 

0 

118 

16 

3-20 

1.016 

Alk. 

1  + 

Tr/0 

0 

3-4 

0 

20 

3-24 

1.010 

Alk. 

0 

0/0 

2-3 

10-12 

0 

24 

3-28 

1.028 

Alk. 

0 

0/0 

0 

occ 

0 

122 

was  492  mOsm/L,  ixnd  24-hour  sodium  and  potassium  excretions  60  and  40 
mEq/L,  respectively,  indicating  subnormal  concentrating  ability,  presumably 
of  tubular  origin.  By  this  time  the  patient  was  asymptomatic.  On  this  day,  at 
which  time  the  urinalysis  and  chemistries  were  normal,  a  urine  colony  count 
grew  out  more  than  200,000  colonies  per  ml,  the  organism  later  identified  as  E. 
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coli.  Two  other  colony  counts  prior  to  this  had  been  normal.  Ticatmont  was  be- 
i^un  with  chloramphenicol,  1  gram  daily  orally. 

She  was  discharged  after  twenty-five  days  in  hospital.  When  seen  on  two  fiu-- 
tlicr  occasions  since  discharge,  she  was  found  to  be  asymptomatic.  Laboratory 
data  are  included  in  the  tables. 

DISCUSSION 

In  this  case  a  31  year  old  white  female,  with  no  previous  history  of  renal  dis- 
ease developed  mai'ked  nausea,  vomiting,  dehydration,  acidosis,  glycosuria  and 
pi'oteinuria  while  ingesting  tetracycline.  The  tetracycline  had  been  in  the  pa- 
1  ieut's  home  for  about  1 V2  years  and  was  discolored.  Aside  from  amino-aciduria, 
»vliich  we  were  unable  to  document,  the  case  resembles  that  of  Gross  (1 ) . 

The  varied  effects  of  tetracyclines  on  metabolic  functions  have  been  known 
for  some  time.  Gabuzda  (3)  and  Falloon  (4)  performed  metabolic  studies  and 
found  an  increased  nitrogen  excretion  even  in  the  absence  of  significant  pre- 
existent  renal  disease.  Shils  (5)  noted  a  rise  in  BUN  in  patients  treated  with 
tetracycline.  The  higher  the  initial  BUN,  the  higher  was  the  rise.  All  patients 
developed  a  negative  nitrogen  balance,  and  this  could  be  accounted  for  by  the 
increase  in  nitrogen  excretion.  Along  with  the  increased  nitrogen  excretion  there 
was  an  increased  excretion  of  both  sodium  and  potassium  in  the  urine.  In  some 
instances,  the  negative  nitrogen  balance  induced  by  tetracycline  could  be 
counteracted  by  anabolic  steroids.  Gabuzda,  Gocke  et  al.  (3)  administered  chlor- 
tetracycline  to  a  group  of  undernourished  adults  and  in  all  cases  found  a  loss  in 
body  weight,  increased  excretion  of  nitrogen  in  the  urine,  normal  to  increased 
fecal  nitrogen,  negative  nitrogen  balance  and  an  increased  serum  NPN. 

The  mechanism  of  the  increased  nitrogen  excretion  has  been  in  doubt.  Bateman 
(6)  suggests  that  tetracycline  causes  increased  tissue  catabolism,  while  Gabuzda 
(3)  feels  that  tetracycline  inhibits  a  riboflavin-dependent  enzyme  system  which 
is  necessary  for  the  maintenance  or  synthesis  of  tissue  protein.  More  specifically, 
Gabuzda  believes  that  tetracycline  inhibits  the  complexing  of  soluble  ribonucleic 
acid  to  amino  acids  to  form  microsomal  ribonucleoproteins.  Falloon  noted  that 
with  tetracycline  administration  the  urinary  riboflavin  increased  proportion- 
ately to  the  urine  nitrogen  (4) .  Gabuzda  found  that  with  tetracycline  adminis- 
tration the  rise  in  urinary  riboflavin  excretion  preceded  the  increased  nitrogen 
excretion  (3) .  Enslie-Smith  noted  that  in  acute  tubular  necrosis  due  to  poison- 
ing or  circulatory  disturbances  there  is  evidence  of  proximal  tubular  dysfunction 
manifested  by  diminished  para-amino-hippuric  acid  clearance,  glycosuria  and 
amino-aciduria  (7).  Shils  found  that  following  tetracycline  admini.stration,  a 
negative  nitrogen  balance  developed  but  that  the  potassium  balance  did  not 
follow  a  negative  course  (8) .  Because  of  the  dissociation  between  nitrogen  and 
potassium  balances,  he  believes  that  tetracycline  must  have  an  anti-anabolic 
rather  than  a  catabolic  effect. 

The  most  recent  elucidation  of  the  toxicity  of  tetracycline  has  been  by  Frimp- 
ter  et  al.  who  noted  the  development  of  a  Fanconi-like  syndrome  in  three  patients 
following  tetracycline  administration  (2).  In  all  cases  they  analyzed  the  in- 
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gested  drug  ami  found  variable  quantities  of  both  anhydro-tetracyclinc  and  opi- 
anhydro-tetraeyclino.  They  state  that  it  is  contamination  of  tetracycline  by 
these  degradation  i)roducts  which  is  responsible  for  the  nephrotoxicity  and  other 
metabolic  effects  of  tetracycline. 

Our  patient  ingested  outdated  tetracycline  and  developed  persistent  glycosuria 
in  the  presence  of  normal  blood  sugars,  a  metabolic  acidosis  with  hypokalemia 
and  hyperchloremia.  In  addition  she  produced  an  alkaline  urine  with  fixed,  low 
specific  gravity.  Hypophosphatemia  was  present,  indicating  defective  reab- 
sorption  of  phosphate.  These  are  manifestations  of  renal  tubular  dysfunction. 
Whether  or  not  toxic  degradation  products  of  tetracycline  were  present  was  not 
determined. 

SUMMARY 

A  31  year  old  white  female  without  prior  renal  disease  developed  signs  and 
symptoms  of  nej^hrotoxicity,  nausea,  vomiting,  profound  dehydration  and  acido- 
sis following  ingestion  of  outdated  tetracycline.  Complete  recovery  ensued  over 
a  four-week  period.  A  review  of  some  of  the  metabolic  effects  of  tetracycline  is 
included. 
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When  an  individual  presents  evidence  of  "papilledema,"  the  immediate  reac- 
tion of  the  physician  is  usually  one  of  grave  concern,  since  a  brain  tumor  is  con- 
sidered likely  in  spite  of  many  other  etiological  possibilities.  Alost  of  the  patients 
described  in  this  paper  initially  consulted  an  ophthalmologist.  Subsequently, 
they  were  referred  to  a  neurosurgeon — rarely  to  a  neurologist.  They  are  being 
reported  here  because  mass  lesions  have  not  been  proved  in  these  cases  and  im- 
portant changes  have  recently  been  made  in  the  neurologic  diagnostic  investiga- 
tion. 

The  jiatients  seem  to  be  in  two  categories.  One  group  consists  of  patients  who 
have  ophthalmoscopic  evidence  of  blurring  of  the  optic  discs  with  or  without 
retinal  hemorrhage,  and  lumbar  puncture  confirms  the  presence  of  increased 
intracranial  pressure.  The  other  are  patients  in  which  the  optic  discs  appeared 
to  indicate  papilledema,  but  there  was  no  increased  intracranial  pressure  and 
they  were  .subsequently  discharged  with  the  diagnosis  of  pseudopapilledema. 

Ca.se  1.  An  11  year  old  girl  had  a  two-week  hi.story  of  nausea  and  vomiting  associated  with 
headaches.  The  headaches  were  progressive  and  became  severe  enough  to  require  a  visit  to 
her  physician  who  noted  papilledema  and  recommended  ho.spitalization.  On  the  day  prior  to 
admission,  she  complained  of  double  vision.  The  general  examination  was  normal.  The  neuro- 
logic examination  revealed  fundoscopic  evidence  of  bilateral  papilledema  with  hemorrhages 
present  in  the  right  eye,  a  fine  horizontal  nystagmus  on  lateral  and  upward  gaze,  and  double 
\  ision  at  approximately  twenty  inches  away  from  the  eyes.  (It  was  thought  by  some  that  she 
had  a  convergent  squint  and  by  others  that  there  was  a  left  lateral  rectus  paresis.)  Although 
\  isual  acuity  was  normal,  the  visual  fields  revealed  abnormally  large  blind  spots.  An  electro- 
encephalogram report  stated  "posterior  slowing,  compatible  with  a  posterior  fossa  tumor  and 
internal  h\  cirocephalus."  The  remaining  clinical  laboratory  tests,  including  skull  x-rays,  were 
normal.  A  hunbar  puncture  was  not  performed  because  of  objections  by  the  neurosurgical 
service.  A  ventriculogram  revealed  a  normal  ventricvdar  sy.stem  without  any  evidence  of  a 
ma.ss  lesion.  Nevertheless,  because  of  the  increased  intracranial  pressure,  it  was  decided  to  do 
a  right  subtemporal  decompression.  Eight  years  later,  the  patient  was  asymptomatic,  her  de- 
compression was  soft,  opiithalmoscopic  examination  revealed  mild  optic  atrophy.  Her  nystag- 
mus was  still  present  and,  at  this  time,  was  considered  to  be  most  likely  on  a  congenital  basis. 

Case  2.  A  43  year  old  woman  was  hospitalized  because  of  blurred  vision  for  one  month. 
Two  weeks  prior  to  admission,  she  developed  black  spots  in  the  right  upper  visual  field.  This 
was  followed  by  one  episode  of  diplopia.  She  had  had  headaches  as  long  as  she  could  remem- 
l:icr,  but  they  became  worse  during  the  present  illness.  The  clinical  examination  was  entirely 
normal,  except  for  both  fundi,  which  showed  bilateral  papilledema  with  hemorrhages.  The 
blind  spots  were  enlarged.  Other  than  lumbar  puncture,  clinical  laboratory  data,  including 
electroencephalogram  and  skull  x-rays,  were  normal.  The  first  spinal  tap  revealed  clear,  col- 
orless fluid,  initial  pressure  of  380  mm  of  fluid,  four  lymphocytes,  and  protein  27  mg%.  She 
w;is  observed  on  the  neurological  service  for  eight  weeks,  during  which  time  she  had  three  ad- 
ditional lumbar  punctures.  All  demonstrated  high  spinal  fluid  pressures,  the  highest  being 
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over  500  nun  of  ttuul.  The  lilind  spots  icmained  pnlnigcnl  and  visual  acuity  lemaincd  normal. 
To  clarify  the  diagnosis,  tlie  neurological  service  recommended  a  pneumoenceplialograni. 
Because  the  neurosurgical  service  feared  this  procedure  imder  these  circumstances,  cranial 
burr  holes  prior  to  the  lumbar  puncture  were  agreed  upon.  The  patient  underwent  the  opera- 
tive procedure,  but  ventriculography  was  done  instead  of  a  pneumoencephalography.  No 
mass  was  noted.  However,  the  posterior  fossa  area  was  not  well  visualized  and  an  exploration 
was  performed  which  revealed  no  pathology.  The  aciueduct  was  probed  with  a  catheter  and 
no  obstruction  was  noted.  She  had  a  relatively  stormy  postoperative  course,  but  eventually 
did  well  and  was  discharged  with  the  diagnosis — papilledema,  cause  unknown.  When  she  was 
last  seen  in  the  follow-up  clinic  eight  years  later,  she  was  asymptomatic  and  the  fundoscopic 
examination,  which  was  normal  four  months  after  discharge,  was  still  normal. 

Case  -i.  A  14  >  i  ar  old  boy  was  hospitalized  with  a  six-year  history  of  generalized  headache. 
He  had  mild  lioad  pains,  but  five  days  prior  to  admission,  he  awoke  with  a  severe  generalized 
throbbing  headache.  He  was  sent  home  from  school  because  the  pain  interfered  with  class- 
work.  There  were  no  other  neurological  symptoms.  He  was  seen  by  his  physician,  who  advised 
immediate  hospitalization  because  of  ophthalmoscopic  e\  idence  of  papilledema,  including 
tiny  radial  hemorrhages  of  both  optic  discs.  The  neurologic  examination  was  otherwise  nor- 
mal, as  was  the  clinical  laboratory  work-up,  including  skull  x-rays,  electroencephalograms  and 
visual  fields.  A  lumbar  puncture  revealed  an  initial  pressure  of  125  mm  of  fluid,  and  no  cells 
were  seen.  Pneumoencephalogram  revealed  mild  dilatation  of  ventricular  system,  but  no  evi- 
dence of  a  mass.  He  was  discharged  with  the  diagnosis  of  papilledema,  cause  unknown.  Fol- 
low-up nine  years  later  revealed  he  admitted  to  still  having  occasional  headaches.  There  was 
no  change  in  the  optic  discs,  except  that  hemorrhages  were  not  seen. 

Cose  4-  An  8  year  old  girl  developed  frontal  headaches  two  months  prior  to  admission.  A 
preschool  checkup  revealed  evidence  of  papilledema  and  hospitalization  was  advised.  The 
neurological  examination  was  entirely  normal.  (There  was  a  difference  of  opinion  among  the 
attending  neurologists  as  to  whether  papilledema  was  present  or  not.)  An  ophthalmologist 
was  suspicious  of  papilledema  but  stated  that  she  should  be  observed  further.  Visual  fields, 
including  blind  spots,  skull  x-rays  and  electroencephalograms,  as  well  as  the  routine  labora- 
tory tests,  were  normal.  A  lumbar  puncture  revealed  initial  pressure  120  mm  fluid,  no  cells 
and  normal  protein.  She  was  discharged  without  a  pneumoencephalogram  and  the  diag- 
nosis of  pseudopapilledema.  A  three  year  follow-up  revealed  no  signs  or  symptoms  of  intra- 
cranial disease. 

Case  5.  A  1014  year  old  girl  was  hospitalized  for  a  pneumoencephalogram.  Four  weeks  prior 
to  admission,  she  developed  intermittent  stinging  and  burning  of  both  eyes,  lasting  about 
thirty  minutes.  An  ophthalmologic  examination  revealed  evidence  of  papilledema.  Visual 
fields,  including  blind  spots,  were  normal,  as  were  the  skull  x-rays  and  electroencephalograms. 
A  neurosurgeon  recommended  craniotomy  and  she  was  listed  for  admission  to  another  hos- 
pital. A  neurologist  was  then  consulted  who  thought  .she  should  be  watched  since  there  were 
only  minimal  clinical  signs  and  symptoms.  During  the  next  fourteen  days,  there  were 
no  changes  in  the  patient's  clinical  state  and  hospitalization  was  not  thought  necessary,  but 
the  parents  had  been  so  frightened  by  the  diagnosis  of  possible  brain  tumor  that  they  in- 
sisted upon  a  more  definitive  study.  On  admission,  the  neurological  examination  was  normal, 
except  for  blurred  optic  discs  and  a  fine  nystagmus  on  lateral  gaze,  which  was  considered  due 
to  phenobarbital  administration.  Repeat  visual  fields,  including  blind  spots,  were  normal.  A 
pneumoencephalogram  was  normal  (at  that  time,  no  initial  manometric  pres.sure  was  taken). 
Spinal  fluid  protein  was  20  mg%  and  there  were  no  cells.  She  was  discharged  with  the  diag- 
nosis of  pseudopapilledema. 

These  cases  indicate  some  of  the  difficulties  in  diagnosis  and  management. 

A  major  problem  is  that  one  never  knows  beforehand  whether  a  space-occupy- 
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ing  lesion  is  jn-cscnt  or  not.  Tlu'  ([ucstion  is  ircciucntly  riiised:  "Tlic  patient  may 
have  a  mass  causing  increased  intracianial  pi'cssure.  ^\'ol^t  the  lumbal'  puncture 
be  dangerous  in  this  situation?" 

The  majority  of  neurosuiji;eons  l)elie\'e  that  ])atients  with  ])i'esumptive  evi- 
dence of  increased  intracranial  pressure  should  have  ventiiculo^raphy,  i.e., 
cranial  burr  holes  and  air  injected  by  a  needle  inserted  through  the  cerebrum 
into  a  ventricle.  The  neurological  opinion  has  been  revised  in  recent  years.  This 
was  stimulated  by  the  unwillingness  of  neurologists  to  accept  the  dictum:  "A 
lumbar  puncture  is  dangerous  in  the  presence  of  papilledema."  This  warning  was 
first  postulated  by  Gushing  (1) :  "One  recognized  characteristic  of  a  brain  under 
pressure  is  its  tentlency  to  herniate  through  a  cranial  defect,  and  as  there  is  nor- 
mally an  opening  of  the  foramen  magnum,  a  certain  degree  of  protrusion  is  usu- 
ally present  there.  In  the  presence  of  such  conditions,  the  withdrawal  of  the 
cerebrospinal  fluid  from  the  meninges  by  lumbar  puncture  is  often  hazardous, 
as  it  may  tend  to  a  sudden  wedging  of  the  bulb  in  the  opening,  with  anemia  and 
paralysis  of  the  vital  centers."  A  series  of  87  hospital  admissions  with  papil- 
ledema was  recently  reviewed  ( 2) .  A  total  of  75  lumbar  punctures  and  6  pneumo- 
encephalograms  were  performed  on  56  patients.  Known  pathology  included  sub- 
arachnoid hemorrhage,  lead  poisoning,  torulosis  and  38  neoplasms,  7  of  which 
were  in  the  posterior  fossa.  In  no  case  did  lumbar  puncture  or  pneumoencephalo- 
gram  significantly  alter  the  clinical  course.  Actually,  in  1929,  Masson  (3)  re- 
viewed 200  similar  cases  and,  in  1933,  Schaller  (4)  investigated  103  cases  with 
papilledema  and  arrived  at  similar  conclusions  as  to  the  lack  of  morbidity  fol- 
lowing the  spinal  tap.  In  textbooks,  it  is  stated  that  lumbar  puncture  may  be 
done  in  the  patient  with  papilledema,  but  with  extra  care  and  under  special  cir- 
cumstances; nevertheless,  the  fear  of  this  procedure  under  these  circumstances 
is  quite  evident.  In  1949,  Lindgren  reported  pneumoencephalography  with  the 
removal  of  less  cerebrospinal  fluid  than  air  injected  and  concluded  that  reactions 
such  as  headaches,  nausea,  vomiting,  syncope  were  much  diminished  (5) .  Since 
then,  David,  Ruggiero  and  Talairach  discussed  pneumoencephalography  in  40 
cases  of  brain  tumors,  25  of  whom  had  papilledema,  and  the  sequelae  of  the  pro- 
cedure were  minimal  (6).  Cravioto,  Korein  and  Villanova  reported  100  cases  in 
which  a  pneumoencephalogram  was  performed  and  with  the  removal  of  a  mini- 
mal amount  of  fluid  (7) .  Their  series  included  21  brain  tumor  suspects,  including 
5  cases  of  papilledema.  Again,  no  untoward  effect  was  noted. 

As  a  result  of  the  above  studies,  it  is  thought  that  papilledema  is  not  per  se  a 
centra-indication  to  luml)ar  puncture  and,  actually,  in  selected  cases,  a  pneumo- 
encephalogram can  be  jierformed. 

The  following  cases  demonstrate  the  changing  management  of  these  patients. 

Case  6.  A  28  year  old  woman  was  admitted  with  a  chief  complaint  of  headaches  for  three 
weeks  and  double  vision  for  two  weeks.  Prior  to  hospitalization,  there  was  a  gradual  onset  of 
left  frontal  headaches.  A  week  later,  she  noted  double  vision  and  had  to  cover  her  left  eye 
in  order  to  see  clearly.  Neurological  examination  was  normal,  except  for  bilateral  papilledema, 
with  a  few  .splinter  hemorrhages  and  exudates  near  the  disc  margins  of  both  eyes.  There  was  a 
left  external  rectus  palsy.  Blood  studies  and  urinalysis  were  normal,  as  were  skull  x-rays  and 
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au  electiocncenlialogram.  The  visual  fields  showed  some  increase  in  blind  spots  hilateially.  | 
The  lumbar  puncture  revealed  clear,  colorless  fluid,  under  a  pressure  of  150  mm  of  fluid.  There  j 
were  three  lymphocytes  and  the  protein  was  25  mg7r.  The  patient  had  bilateral  burr  holes 
inserted  on  the  fifth  day  of  admission.  She  then  had  a  pneumoencephalogram,  which  was  nor- 
mal. An  angiogram  was  performed  to  establish  whether  the  patient  had  a  venous  thrombosis. 
This,  too,  was  normal.  There  was  an  uneventful  hospital  course,  both  symptoms  and  papil- 
ledema regressed.  One  year  later,  she  had  slight  weakness  of  the  left  external  rectus  muscle 
and  normal  optic  discs. 

Case  7.  A  23  year  old  woman  was  admilted  with  the  chief  complaint  of  double  vision  of 
thirty-six  hours  duration.  She  was  well  until  seven  days  before  admission,  when  she  struck 
her  riglit  temple  after  she  slipped  on  a  wet  spot  on  the  floor.  She  was  not  rendered  unconscious.  I 
Two  days  prior  to  admission,  she  awoke  and  had  difficulty  focusing  her  eyes,  especially  on 
looking  to  the  left  side.  She  began  to  notice  double  vision  at  a  distance,  especially  on  left 
lateral  gaze.  A  neurological  examination  was  normal,  except  for  bilateral  papilledema,  with 
many  small,  flame-shaped  hemorrhages  and  exudates.  There  was  diplopia  on  left  lateral  gaze. 
Blood  studies,  urinalj'sis,  and  skull  x-rays  were  normal.  An  electroencephalogram  re\'ealed  a 
minimal  abnormality  consisting  of  slight  posterior  slowing.  There  was  bilateral  enlargement 
of  the  blind  spots  and  slight  constriction  of  the  entire  right  visual  field.  The  first  lumbar  punc- 
ture showed  an  initial  pressure  of  50  mm,  no  cells  and  a  20  mg7c  protein.  She  had  a  pneumo- 
enceplialogram  without  any  previous  burr  holes  and  this  was  normal.  She  was  discharged 
fourteen  days  after  admission,  asymptomatic  with  almost  normal  discs. 

Case  8.  A  45  year  old  woman  was  admitted  because  of  intermittent  headaches  for  five  weeks.  | 
There  was  spontaneous  onset  of  a  mild  headache  five  weeks  prior  to  admission  and  this  was 
followed  by  objective  vertigo  with  nausea,  usually  occurring  when  bending  over.  The  attacks 
of  vertigo  occurred  two  to  three  times  a  day  and  lasted  as  long  as  ten  minutes.  She  also  com- 
plained of  seeing  double,  objects  either  being  side  by  side  or  one  above  another.  Also,  the 
objects  constantly  changed  in  shape  and  position.  She  occasionally  noted  spots  flashing  past 
her  left  eye.  Her  visual  acuity  had  become  somewhat  impaired,  so  that  she  could  no  longer 
read  newspapers.  The  neurological  examination  was  entirely  normal,  except  for  impaired 
visual  acuity,  bilateral  severe  papilledema  with  hemorrhages.  In  addition,  she  could  not 
tandem  walk,  but  there  were  no  other  cerebellar  findings.  Blood  studies,  urinalysis,  electro- 
encephalogram, and  skull  x-rays  were  normal.  The  visual  fields  were  normal,  except  for  en- 
larged blind  spots.  A  lumbar  puncture  revealed  initial  pressure  of  330  mm,  and  the  protein 
was  10  mg%  ;  two  lymphocytes  were  noted.  A  pneumoencephalogram  was  normal.  She  did 
well  following  the  procedure  and  was  treated  by  low  salt  diet,  Diamox,  and  repeated  lumbar 
punctures.  She  w'as  discharged,  improved,  sixteen  days  after  admission,  but  re-admitted  one 
month  later,  because  of  a  chief  complaint  of  swelling  of  the  fingers  and  legs.  An  extensive 
medical  work-up  did  not  reveal  any  diagnosis.  Her  optic  disc  had  become  normal  and  there 
were  no  visual  symptoms.  A  lumbar  punctine  was  performed  at  this  time  and  the  initial  pres- 
sure was  70  mm  of  fluid. 

Ca.se  9.  A  15  3'ear  old  boj'  was  admitted  with  a  four-week  history  of  headache  and  a  two- 
week  history  of  double  vision,  occurring  mainly  in  the  lateral  plane.  He  stated  that  the  images 
became  further  apart  when  he  looked  at  a  distance.  The  neurological  examination  was  normal, 
except  for  bilateral  blurred  discs,  the  right  being  more  involved  than  the  left.  During  the  first 
three  hospital  days,  transient  nystagmus  was  noted  on  right  lateral  gaze,  as  well  as  weakness 
of  the  right  external  rectus  muscle.  Hemoglobin,  white  cell  count,  sedimentation  rate,  blood 
sugar,  protein,  cholesterol,  calcium  and  phosphorus  were  normal;  the  urea-nitrogen  was 
23  mg%.  A  repeat  blood  sample  was  22  mg%  and  the  uric  acid  at  that  time  was  6.9  mg%.  This, 
too,  remained  elevated  upon  further  sampling.  Repeated  lU'ine  examinations  were  always 
normal.  Skull  x-rays,  electroencephalogram  were  normal,  as  was  the  cold  caloric  examination. 
There  were  enlarged  blind  spots.  A  lumbar  puncture  revealed  clear,  colorless  fluid  and  pres- 
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>iiic  of  27tl  111111  (if  lliiiil.  Xo  Ix-iuiiliocytos  were  seen.  The  total  prntcin  was  Ki  iiig%.  Pncumo- 
riicci'lialogiaiii  was  attempted,  but  air  did  not  enter  tlic  subarachnoid  space  or  ventricular 
>\>i(  iii.  It  was  thought  that  the  needle  was  in  the  subdural  space  rather  than  in  the  subarach- 
11(11(1  space.  Permission  to  repeat  the  study  was  denied.  He  was  discharged  one  week  later,  for 
he  clinically  improved.  A  four  year  follow-up  revealed  no  symptoms,  although  blurring  was 
si  ill  present  in  the  right  optic  disc. 

In  the  patit'iitf^  lici-cin  (Icscribed,  one  ovit.'^tanding  observation  is  that  all  these 
jiatients  were  in  excellent  physical  condition.  Neurological  symptoms  were 
minimal,  consisting  of  headaches  and  (li})loi3ia,  with  occasional  im])airment  of 
\  isual  acuity.  Neurological  findings  were  mainly  limited  to  the  oj^hthalmoscopic 
e\-idence  of  what  appeared  to  be  i)ai)illedema,  occasional  nystagmus  and  external 
rectus  palsy.  The  patients  with  i)seudopapilledeina  were  usually  younger  people, 
who  either  had  mild  symptomatology  or  were  seen  in  routine  examination,  at 
which  time  an  abnormality  of  the  retina  was  noted.  The  older  patients  with  true 
liapilledema  were  also  not  in  any  acute  distress,  but  suffered  from  headaches 
and,  at  times,  diplopia.  There  are  many  conditions  which  cause  papilledema  or 
retinal  changes  simulating  choked  disc,  such  as  retrobulbar  optic  neuritis,  oc- 
clusion of  retinal  veins,  diabetic  retinopathy,  syphilitic  papillitis,  uremia,  hypo- 
parathyroidism, meningitis,  chronic  pulmonary  insufficiency  and  otitis  media. 
The  latter  condition,  also  known  as  otitic  hydrocephalus  and  pseudotumor 
cerebri,  is  usually  considered  under  the  category  of  intracranial  hypertension  of 
unknown  etiology  (8) .  Naturally,  this  diagnosis  is  a  retrospective  one,  after  all 
other  known  possibilities  have  been  eliminated.  The  etiology  of  this  condition 
is  still  unknown,  althougli  it  is  thought,  especially  when  an  otitis  media  is  pres- 
ent, that  there  may  be  a  thrombosis  of  the  lateral  sinus  and,  in  postpartum 
states,  a  theory  has  been  postulated  of  embolization  originating  in  a  pelvic  vein, 
passing  through  the  pelvic  vertebral  plexus  to  the  superior  sagittal  sinus.  Actu- 
ally, there  is  no  definite  knowledge  as  to  the  cause  of  the  benign  form  of  in- 
creased intracranial  pressure.  Of  major  importance  is  the  knowledge  that  the 
prognosis  in  this  condition  is  relatively  good.  Many  patients  are  treated  by  low 
salt  diet  and  diuretics ;  occasionally,  repeat  lumbar  punctures  have  been  effica- 
cious and,  only  rarely,  do  such  patients  require  craniotomy.  As  noted,  ventricu- 
lography was  performed  in  some  of  the  cases  reported  in  this  series.  Inserting  a 
needle  through  the  brain  to  reach  the  ventricle  is  not  a  benign  procedure  (9j. 
Severe  complications  are  reported  (lOj  and,  if  possible,  the  procedure  should  be 
avoided. 

Inasmucli  as  patients  with  neoplasms  and  papilledema  have  been  investigated 
by  lumbar  puncture  and  "fractional"  pneumoencephalography  without  ill  ef- 
fects, the  point  to  be  emphasized  is  that  papilledema  does  not  necessarily  mean 
a  patient  must  go  to  surgeiy  for  ventriculography  and  possible  subtemporal  de- 
compression. The  important  factors  are  the  patients'  relatively  excellent  clinical 
condition  and  the  paucity  of  neurological  findings.  It  is  good  neurological  judg- 
ment to  be  wary  of  doing  diagnostic  procedures  in  critically  ill  jiatients,  who 
demonstrate  obvious  neurologic  defects.  The  management  of  such  patients  is 
very  difficult.  However,  in  the  group  of  i)atients  described  above,  surgical  diag- 
nostic procedures  may  be  harmful  or,  at  the  xcvy  least,  may  be  unnecessary. 
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COA'CLUSION 

Patients  who  present  witli  papilledema  and  niiniiual  neurological  findings  do 
not  necessarily  have  space-occupying  lesions. 

Such  patients  may  be  investigated  ncurologically,  including  lumljar  puncture 
and  "fractional"  pneumoencephalography.  Conseriuently,  intracranial  surgery 
may  be  avoided. 
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Acute  Abtloiiiiiial  Pain,  Hloody  Diarrhea  and  Anuria 

Edited  by 
FENTON  SCHAFFNER,  M.D. 

Nor  York,  N.  Y. 

A  four  year  old  white  I'eiualc  child  was  transferred  to  The  Alount  Sinai  Hos- 
pital from  a  New  Jersey  hospital  where  she  had  been  anuric  for  48  hours.  Her 
illness  began  15  days  earlier  with  sudden  sharp  midepigastric  pain  and  progres- 
si\-ely  loose  diarrheal  stools  with  dark  red  blood.  She  was  treated  initially  with 
erythromycin,  paragoric  and  Kaopectate.  Her  symptoms,  however,  became  more 
si'vere,  with  nausea,  vomiting,  anorexia  and  fever.  Two  days  later  a  mass  was 
felt  in  the  right  lower  quadrant.  Rectal  examination  disclosed  "currant  jelly'' 
-lool.  On  this  basis  a  diagnosis  of  intussusception  was  made,  and  the  patient  was 
lio>i)italized.  A  laparotomy  revealed  "regional  colitis"  extending  from  the  mid- 
transverse  colon  to  the  splenic  fixture.  The  bowel  wall  was  described  as  thick- 
ened, and  the  mesentery  showed  "bullous  emphysema"  and  mesenteric  adenitis. 
An  appendectomy  and  a  lymph  node  biopsy  were  performed.  The  pathological 
report  was  lymphoid  hyperplasia  of  the  appendix  and  hyperplastic  Ij^mph  node. 

Postoperatively  the  patient  vomited  daily  and  her  urine  output  decreased  pro- 
gressively, e.g.,  630  ml,  500  ml  and  300  ml  in  the  first  three  postoperative  days. 
On  the  first  day  2,500  ml  of  dextrose/water  had  been  given.  Oral  fluids  were  per- 
mitted thereafter.  On  the  second  postoperative  day,  her  temperature  rose  to 
]01°F  and  Terramycin  therapy  was  begun.  By  the  sixth  postoperative  day,  the 
marked  leukocytosis  found  on  admission  had  improved.  The  patient's  hemo- 
globin had  fallen  from  12.4  Gm%  to  7.2  Gm%.  She  was  given  a  transfusion  of  300 
ml  of  whole  blood  without  sequelae.  On  the  eleventh  postoperative  day,  the 
patient  had  been  anuric  for  24  hours.  Her  bladder  was  not  distended.  She  re- 
ceived 1,000  ml  of  5%  dextrose  in  water  and  200  ml  of  whole  blood.  On  the  same 
tlay,  edema  of  her  face  and  hands  was  noted  for  the  first  time,  and  a  provisional 
diagnosis  of  "nephritis"  was  made.  On  the  twelfth  postoperative  day,  she  was 
transferred  to  The  Mount  Sinai  Hospital. 

Physical  examination  here  disclosed  a  toxic,  semi-comatose,  pale  and  frankly 
edematous  child  with  ecchymoses  of  both  antecubital  fossae.  Her  temperature 
was  101  °F,  pulse  (radial)  36/min.,  ventricular  rate  120/min.  and  irregular  with 
l)remature  ventricular  contractions,  blood  pressure  90/50.  Her  face  and  ej^elids 
were  edematous.  The  fundi  were  normal.  Blood  was  noted  in  the  hypopharynx. 
Tlie  neck  was  supple,  with  cUstended  veins  filling  from  above.  The  lungs  were 
clear.  The  rhythm  of  the  heart  was  grossly  irregular.  The  point  of  maximal  im- 
pulse was  in  the  midclavicular  line  in  the  fifth  interspace.  A  systolic  gallop  was 
heard  but  there  were  no  murmurs  or  thrills.  The  liver  edge  was  felt  two  finger- 
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breadths  hclow  the  riiiht  costal  margin  and  the  spleen  was  not  felt.  No  ix'rii)heral 
adenopathy  was  found.  Both  upper  and  lower  extremities  were  pufiy  l)ut  did  not 
pit  on  pressure.  Reflexes  were  not  obtainable. 

Laboratory  studies  are  in  Table  I.  An  electrocardiogram  showed  multiple 
jn-emature  ventricular  contractions,  tall  peaked  T-waves  and  questionable 
ventricular  tachycardia.  Bedside  films  of  the  chest  and  abdomen  were  poor  tech- 
nically but  no  abnormalities  were  noted.  A  blood  culture  was  negative.  The 
urine  culture  was  overgrown  with  B.  proteus.  Stool  cultures,  febrile  agglutinins 
and  a  Coombs'  test  were  negative.  No  abnormal  cells  were  seen  on  blood  smear, 
which  showed  only  a  left  shift,  some  achroma,  macrocytosis  and  microcytosis. 

The  patient  was  started  on  small  amounts  of  intravenous  fluids  with  2,000,000 

TABLE  I 


Laboratory  Data 


Referring  Hospital 

The  Mount  Sinai 
Hospital 

Day  of  Operation 

6th  P.O.  Day 

nth  P.O.  Day 

12th  P.O.  Day 

Urine 

Spec.  grav. 

1.032 

1.014 

Albumin 

tr 

4+ 

WBC/hpf 

4-6 

4-6 

RBC/hpf 

1-2 

6-8 

Casts 

occ.  hyalin  and 

many  hj'alin 

granular 

and  granular 

Hemoglobin  Gm% 

12.4 

7.2 

12.0 

10.8 

RBC/mm' 

5,500,000 

2,510,000 

3,940,000 

WBC/mm^ 

44,150 

13,250 

11,800 

13,000 

BUN  mg% 

84 

139 

Potassium  mEq/L 

8.4 

7.9 

Sodium  mE(i/L 

132 

115 

CO-,  mEq/L 

22 

6.7 

imits  of  penicillin  per  day.  Schumm's  test  for  methemalbumin  was  negative  as 
was  examination  of  a  blood  smear  and  search  for  hemosiderin  in  the  urine. 

Before  further  therapy  or  diagnostic  procetlures  could  be  attempted,  the  pa- 
tient expired  nine  hours  after  admission. 

Dr.  Donald  Gribetz''' :  This  four  year  old  girl  presented  with  what  appeared  to 
be  an  acute  abdominal  episode  accompanied  by  diarrhea;  this  ultimately  was 
followed  by  acute  renal  failuir.  I  thought  it  would  be  best  to  analyze  first  the 
possible  causes  of  the  initial  gastrointestinal  episode. 

The  initial  question  that  arises  is  one  of  surgical  intestinal  emergencies. 
In  the  first  hospital  intussusception  was  thought  to  be  a  leading  possibility.  The 
thickened  bowel  wall  could  have  been  the  result  of  a  reduced  intussusception. 
The  fact  that  there  was  diarrhea  instead  of  the  usual  constipation  does  not  rule 
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at^ainst  intussusccptioii.  A  second  sui\u;ical  coik lil  ion  lliat  could  cause  such  an 
oiLset  is  a  Meckel's  di\'ei'ticuluni  in  a  cliild.  This  usually  a|)peais  with  niassix'e 
bleeding  per  rectum.  A  third  condition  that  has  to  he  considei-ed  from  the  point 
of  view  of  the  surgical  emergencies  is  a  peptic  uh'cr  with  bleeding.  It  is  rela- 
ti\-ely  rare  at  this  age  and  there  was  no  antecedent  history  of  gastrointestinal 
comphiints.  Another  possibility  is  midgut  volvulus  secondary  to  a  malrotation. 
This,  too,  could  present  with  a  sudden  onset  of  ])ain  and  bloody  diarrhea.  How- 
ever, there  is  no  evidence  of  acute  intestinal  obstruction  such  as  a  distended 
abdomen,  bile-stained  voraitus  which  probably  should  have  occurred  after  48 
hours,  or  any  constipation.  In  addition,  at  surgery,  the  finding  which  hints  at  mal- 
rotation was  not  mentioned,  i.e.,  the  cecum  was  not  described  as  being  out  of  its 
usual  locus  in  the  right  lower  quadrant. 

A  factor  in  the  protocol  that  makes  me  worry  if  we  have  comjiletely  ruled  out 
the  surgical  emergencies  is  the  riuestion  of  bullous  emphysema  which  was  found 
in  the  mesentery. 

There  is  a  condition  that  has  been  described  in  children  called  i)neumatosis 
intestinalis.  Cysts  are  found  either  in  the  mesentery  or  in  the  wall  of  the  gut,  and 
these  are  thought  to  be  nonspecific  findings  associated  with  intestinal  obstruc- 
tion or  some  congenital  anomaly  of  the  gastrointestinal  tract.  The  mechanism 
is  postulated  to  be  air  leaking  through  the  damaged  gut  wall  to  the  surrounding 
tissue.  I  hesitate  to  dismiss  the  bullous  emphysema  completely  and  I  would  have 
to  keep  in  mind  that  perhaps  the  child  did  have  some  acute  abdominal  emergency 
which  was  not  found  at  operation,  such  as  an  intussusception  which  may  have 
rectified  itself. 

In  addition  to  the  acute  surgical  condition,  two  other  gastrointestinal  prob- 
lems come  to  mind  which  could  have  presented  in  the  described  fashion  in  a 
child,  i.e.,  ulcerative  colitis  and  regional  ileitis.  Their  usual  onset  is  not  with 
severe  epigastric  pain  and  sudden  bloody  diarrhea  but  both  are  possibilities. 

Another  class  of  problems  that  could  present  this  way  is  obviously  the  acute 
intestinal  infections  such  as  those  caused  by  either  Salmonella  or  Shigella  or- 
ganisms. Two  or  three  others  also  come  to  mind,  such  as  cholera,  leptospirosis 
and,  as  recently  emphasized  in  pediatric  literature,  viral  epidemic  hemorrhagic 
fever.  These  could  also  be  associated  with  acute  renal  failure. 

The  next  large  group  of  conditions  which  has  to  be  considered  is  that  of  poison- 
ing or  drug  intoxication.  There  are  several  drugs  and  jioisons  that  could  present 
exactly  this  way.  An  overdose  of  iron  salts,  mercury  or  arsenic  poisoning,  or  in- 
gestion of  insecticides  or  rat  poisons  which  contain  warfarin,  the  anticoagulant, 
can  certainly  cause  this  kind  of  an  onset.  There  has  been  no  mention  of  any  in- 
gestion of  i^oisons  anrl  drugs  like  these  nor  has  there  been  any  comment  that  the 
child  was  previously  ill. 

Blood  dyscrasias  must  now  be  seriously  evaluated.  Idiopathic  thrombocyto- 
penia comes  to  mind  first  as  a  possibility.  There  is  one  very  basic  piece  of  infor- 
mation that  is  not  available,  however,  and  that  is  the  platelet  count.  The  child 
had  no  purpura  except  for  "ecchymoses  of  both  antecubital  fossae"  which  prob- 
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ably  rrsultcd  from  the  miuu'rous  venipunctures  that  she  must  have  had.  Also, 
there  was  no  preceding  uppw  respiratory  infection  mentioned  nor  any  preceding 
exanthematous  disease  such  as  chickenpox  or  rubella,  conditions  which  sometime 
precede  thrombocytopenic  pui  pura  in  a  child  of  this  age. 

Another  possibility  is  non-thrombopenic  purpura.  We  in  pediatrics  occasion- 
ally see  this  condition  appear  with  an  acute  onset  of  abdominal  pain  and  melena 
l)rior  to  ecchymoses  and  petechiae  and  sometimes  without  any  of  the  usual 
urinary  findings.  This  is  a  distinct  possibility  and,  in  fact,  may  be  linked  to  one 
of  the  surgical  possibilities  mentioned,  namely,  intussusception.  There  is  ap- 
parently an  increased  incidence  of  intussusception  in  Henoch-Schonlein  non- 
thrombocytopenic purpura.  I  would  presume,  though,  that  after  thirteen  days, 
if  this  really  was  the  case,  that  there  would  have  been  more  of  the  cutaneous 
manifestations  of  the  purpura. 

Acute  hemolytic  episodes  occurring  in  the  midst  of  diseases  such  as  sphero- 
cytosis, Cooley's  anemia  or  sickle  cell  anemia  could  cause  this  onset  but  there  is 
no  evidence  that  the  child  was  ill  previously.  These  diseases  are  usually  more 
chronic,  with  onset  earlier  in  life  and  are  associated  with  splenomegaly. 

To  account  for  an  acquired  hemolytic  anemia,  the  .striking  fall  of  the  hemo- 
globin from  12  Gm%  to  about  7  Gm%  within  five  to  six  days  after  the  operation 
with  no  indication  that  the  child  continued  to  bleed  would  have  to  be  explained. 
Here  another  bit  of  information  is  missing,  i.e.,  a  detailed  description  of  the  blood 
smear.  There  was  some  microcytosis  and  macrocytosis,  but  no  mention  is  made 
about  bizarre  forms,  reticulocytes,  nucleated  red  cells  or  other  evidence  of 
hemolysis.  There  were  no  drugs  mentioned  that  could  be  implicated  for  hemolysis. 
There  are  no  data  concerning  autohemagglutinins  or  autohemolysins,  and  there 
is  no  evidence  that  the  child  might  have  had  a  coexisting  collagen  disease  like 
lupus  or  periarteritis  which  could  have  been  associatetl  witli  a  hemolytic  anemia. 
We  can,  nevertheless,  attempt  to  link  the  two  situations:  the  acute  abdominal 
episode  with  the  diarrhea  plus  the  jirogressive  renal  failure  ending  with  anuria. 

If  we  assume  that  the  acute  abdominal  emergency  was  intussusception, 
Meckel's  diverticulum  or  one  of  the  others  mentioned,  it  would  then  be  in- 
cumbent upon  us  to  explain  why  oliguria  and  finally  anuria  developed  from  what 
would  have  appeared  to  be  a  routine  surgical  procedure.  No  information  is 
available  that  during  the  operation  there  was  a  fall  in  blood  pressure  which 
could  have  led  to  acute  renal  failure.  There  is  also  no  history  of  a  jieriod  of  de- 
hydration postoperatively  since  on  the  very  first  day  2,500  ml  of  dextrose/water 
were  given  and  oral  fluids  were  i:)ermitted  thereafter.  We  would  assume,  there- 
fore, that  the  child  was  tolerating  fluids  and  never  became  dehydrated.  On  the 
contrary,  I  think  one  of  the  problems  was  that  this  child  was  overhydrated. 
Acute  anuria  and  renal  failure  postoperatively  can  be  caused  by  the  promiscuous 
use  of  morphine  or  Demerol®  which  has  been  shown  to  have  an  antidiuretic 
effect  in  certain  children.  There  is  no  mention  of  this,  and  one  would  assume 
that  this  chd  not  happen. 

The  question  of  the  relationship  of  the  transfusion  to  the  renal  failure  must 
be  raised.  The  transfusion  was  given  on  the  sixth  postoperative  day,  and  the 
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suggestion  is  tiiut  the  child  was  bcconiiiig  ()liu;iiric  hcforc  tlial  liiiic.  I  llicrcforc 
would  hesitate  to  iiicriiuiiiate  a  transfusion  reaction. 

If  we  attenijit  to  link  the  two  episodes  with  various  hactci'ial  iiitVclions,  a  dis- 
tinct relationship  could  be  made.  Endotoxins  and  other  toxic  pi'oducts  of  Sal- 
monella, E.  coli  and  Sliigella  can  "travel"  through  the  bloodstream  to  the  kidney 
and  cause  some  form  of  renal  damage,  usually  cortical  necrosis.  Several  years 
ago  we  had  a  child  on  our  pediatric  ser\'ice  who  apparently  had  an  acute  Sal- 
monella infection  and  died  with  Ijilatcral  coi'lical  neci'osis.  This  lias  to  be  strongly 
considered  as  the  diagnosis. 

I  woukl  prefer,  however,  to  put  the  jiresent  case  into  another  class  of  diseases 
which  have  been  reported  now  with  increasing  freciuency  in  the  pediatric  litera- 
ture: the  "hemolytic-uremic"  syndrome.  I  am  not  certain  whether  this  is  a  single 
disease  or  a  group  of  diseases,  nor  am  I  sure  about  the  etiology.  This  syndrome 
apparently  is  analogous  to  thrombotic  thrombocytoj^enic  purpura  or  Mosch- 
cowitz's  disease  in  adults.  Two  rather  important  facts  are  missing  from  the  pro- 
tocol, however:  1)  distinct  thrombocytopenia,  and  2)  evidence  that  the  cause  of 
the  fall  of  hemoglobin  was  actually  hemolysis.  As  to  the  latter,  there  was  no 
continuing  blood  loss  nor  any  evidence  of  a  deficiency  of  blood  production.  Fur- 
thermore, the  amount  of  dilution  that  occurred  in  terms  of  the  fluids  that  were 
given  does  not  seem  to  be  enough  to  account  for  the  lowered  hemoglobin.  There- 
fore I  am  assuming,  perhaps  riskily,  that  this  child  may  fall  into  the  class  of 
diseases  which  has  been  described  as  the  "hemolytic-uremic"  syndrome. 

Most  of  the  children  with  this  syndrome  are  under  one  year  of  age  and  many 
liad  a  low  platelet  count.  There  are  central  nervous  symptoms  like  convulsions 
or  delirium  in  aljout  fifty  per  cent  of  this  group  but  there  is  no  hint  of  it  in  this 
child.  There  is  a  great  deal  of  speculation  as  to  what  this  disease  syndrome  is. 
Some  claim  it  is  a  viral  disease.  Others  feel  that  it  is  bacterial  and  that  it  may 
be  due  to  E.  coli.  Al)out  haU  of  the  children  who  died  from  this  condition  have 
had  bilateral  cortical  necrosis  as  the  autopsy  finding.  Several  have  had  findings 
comjiatible  with  acute  glomerulonephritis  and  some  have  had  the  full-blown 
picture  with  thrombi  in  the  capillaries  throughout  the  body.  I  would  expect,  if 
the  child  does  fall  into  this  category,  that  we  would  find  generalized  thrombotic 
l)henomena  in  many  organs  or  that  findings  would  be  limited  to  the  kidney  with 
l)ilateral  cortical  necrosis  or  acute  glomerulonephritis. 

Dr.  Horace  L.  Hodes*:  Dr.  Gribetz  said  that  the  hemoglobin  fall  could  not 
be  accounted  for  by  loss  of  blood  at  the  operation  or  by  hemodilution,  but  I 
would  like  to  point  out  that  a  combination  of  these  two  factors  might  very  well 
have  given  a  hemoglobin  of  7  Gm. 

Dr.  Gribetz,  do  you  find  fragmented  red  cells  in  the  peripheral  blood  in  the 
syndrome  that  you  were  discussing,  as  you  would  find  in  the  adult? 

Dr.  Gribetz:  They  are  fragmented  and  bizarre  in  shajx'.  I  do  not  think  we  have 
ever  had  a  child  on  our  service  whom  we  recognized  as  having  this  disease.  Burr 
cells  and  triangular  shaped  cells  have  been  described.  Dr.  Rausen  is  on  the  pro- 
gram and  I  assume  he  is  going  to  discuss  the  hematologic  aspects. 

*  Director,  Department  of  Pediatrics,  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 
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Dr.  Lotte  Strau.ss'-' :  Would  it  be  easy,  on  a  routine  examination  ol'  the  Mood 
smear,  to  reeo<;;nize  these  abnormal  red  cells? 

Dr.  Aaroti  R.  Rcviscnf:  I  think  that  in  jiooi'  blood  smears,  you  may  see  things 
that  look  very  nnich  like  burr  eells  so  that  it  has  to  be  an  adi'tjuate  blood  smear. 
Technicians  are  aware  of  these  cells  and  then  the  diagnosis  can  be  made  innnedi- 
ately. 

Dr.  Strauss:  The  body  was  that  of  a  wt'll-developed  white  girl  of  four  years. 
The  skin  was  pale  and  showed  neither  icterus  nor  purpura.  In  the  regions  of  the 
ankles,  knees  and  sacrum  there  was  1+  pitting  edema.  The  peritoneal  cavity 
contained  a  few  cubic  centimeters  of  colorless  clear  fluid.  A  few  adhesions  were 


Fig.  1.  Ciieumscribcd  area  of  serosal  hyperemia  involving  niid-tliird  of  large  intestine  (near 
splenic  flexure). 


found  between  the  recent  surgical  scar  and  looi)s  of  terminal  ileum.  The  appendix 
was  absent.  Injection  of  the  serosa  of  the  colon  in  the  region  of  the  splenic  flexure 
was  noted  (Fig.  1).  The  pericardial  cavity  contained  some  xanthochromic  fluid 
but  no  exudate  or  fibrin  was  observed.  The  urinary  bladder  was  contracted  and 
empty;  petechiae  were  seen  in  the  trigone.  The  kidneys  were  symmetrically  en- 
larged, each  weighing  80  Gm  I  exjx'cted  weight  58  Gm  I ,  and  had  a  smooth  surface 
which  was  studded  with  pinpoint  hemorrhages  (Fig.  2|.  The  cortex  was  swollen 
and  on  the  cut  surface  showed  similar  liemorrhages.  No  infarcts  were  noted.  The 
pyramids  were  congested  and  showed  hemorrhagic  streaking.  There  were  no  ab- 
normalities of  the  calices,  pelves  and  ureters. 

*  Associate  Attending  Pathologist  for  Pediatric  Pathology,  TIjo  Mount  Sinai  Ho.^pital,  New 
York,  N.  Y. 

t  Assistant  Attending  Pediatrician,  The  Mount  Sinai  Ho.spital,  New  York,  X.  Y. 
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Histological  examination  of  the  kidneys  revealed  a  severe  bilateral  lesion  in- 
volving glomeruli  and  tubules.  The  glomeruli  varied  in  appearance,  some  being 
almof^t  bloodless,  wliile  others  showed  the  most  extreme  dilatation  and  engorge- 
ment of  the  glomerular  capillaries  (Fig.  3).  The  basement  membranes  of  the  is- 
chemic glomeruli  were  intact  but  the  endothelial  cells  ajipeared  swollen.  Epi- 
thelial cells  occasionally  contained  PAS-positive  droi)lets.  A  consideral)le  amount 
of  sudanophilic  material  could  be  demonstrated  in  many  glomeruli.  Frequently 
the  stalk  vessel  as  well  as  some  of  the  glomerular  capillaries  contained  fibrin 
thrombi  (Fig.  4).  In  places  the  capillary  basement  membrane  was  stained  in- 
distinctly and  there  was  necrosis  of  part  or  all  of  the  glomerulus,  associated  with 
hemorrhage  and  leukocytic  infdtration.  Only  occasionally  did  afferent  arterioles 


Fig.  2.  Enlarged  kidney.^  with  luuli ijili.'  iiatcli.\'  liemonliasrs  sratli'iod  oxer  the  .surface. 

show  acute  necrosis,  with  protein  and  red  blood  cells  in  the  wall  (Fig.  3).  The 
proximal  tubules  showed  widespread  patchy  infarct-like  necrosis  (Fig.  5).  They 
contained  casts  consisting  of  protein  and  necrotic  cells.  Intact  proximal  con- 
voluted tubules  were  dilated,  probably  a  compensatory  phenomenon.  Hyalin  and 
fat  droplets  were  present  in  many  tubules.  The  distal  tubules  were  for  the  most 
part  intact,  except  for  occasional  focal  necrosis  as  seen  in  shock.  Marked  venous 
stasis  and  focal  hemorrhages  were  found  in  the  medulla,  but  no  venous  throm- 
boses. Except  for  the  occasionally  seen  necrosis  of  afferent  arterioles,  there  were 
no  arterial  lesions.  Hemoglobin  casts  were  found  in  some  of  the  tubules.  In 
summary,  this  picture  was  that  of  confluent  focal  bilateral  cortical  necrosis  of 
the  kidneys  in  a  relatively  early  stage.  It  was  interpreted  as  the  result  of  a  severe 
circulatory  disturbance  of  the  kidneys,  due  to  vascular  insult,  which  was 
not  limited  to  the  kidneys.  Extreme  capillary  dilatation  was  seen  in  the  mucosa 
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Fig.  3.  Kidney:  extreme  dilatation  of  glomenilar  capillaries,  and  acute  necrosis  of  afferent 
arteriole.  (Hematoxylin  and  eosin,  X  400). 
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Fig.  5.  Kiduey:  acute  iiifarct-like  necrosis  of  proximal  convoluted  tubules.  (Hematoxylin 
ind  eosin,  X  200) 
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of  the  duodenum  (Fig.  6)  and  large  intestine,  and  microtcopic  vascular  injury 
was  also  observed  in  the  wall  of  the  colon  (Fig.  7),  and  in  the  epicardiuni.  This 
was,  however,  not  the  picture  of  necrotizing  angiitis  as  seen  in  hypersensitivity 
states.  Puri)ura  was  particularly  striking  in  the  myocardium,  in  the  absence 
of  visible  vascular  lesions.  Unfortunately  we  do  not  know  whether  the  patient 
had  any  defect  in  her  blood  clotting  mechanism,  and  what  her  platelet  count 
was. 

Now  we  come  to  the  anemia.  The  spleen  was  not  significantly  enlarged. 
However,  it  showed  a  striking  active  hyperemia  as  well  as  hemosiderosis. 
The  Kupffer  cells  in  the  liver  also  were  filled  with  hemosiderin.  There  was  no 


ti%. 
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Fig.  7.  Acute  necrosis  of  small  blood  vessel  in  the  wall  of  the  transverse  colon.  (Hematoxy- 
lin and  eosin,  X  400) 

erythrophagocytosis.  The  bone  marrow  showed  erythroid  hyperplasia.  These 
findings  establish  the  presence  of  a  hemolytic  process.  Intravascular  hemolysis 
was  suggested  by  finding  of  hemoglobin  casts  in  the  kidneys. 

The  liver  was  diffusely  fatty  and  showed  severe  congestion  and  swelling  of 
the  Kupffer  cells  which  contained  PAS-positive  material  as  well  as  iron  pig- 
ment. There  was  no  necrosis  and  no  vascular  lesions  or  fibrin  thrombi.  Those 
lymph  nodes  which  were  examined  showed  little  reactive  changes  except  for 
increased  phagocytic  activity  in  the  germinal  centers  of  the  follicles. 

There  was  moderate  lipid  depletion  of  the  adrenal  cortices. 

The  heart  showed  an  acute  nonspecific  pericarditis  (Fig.  8) ,  without  exudation 
of  fibrin.  No  microorganisms  were  found  on  l)acterial  stains. 

The  pathological  alterations  which  I  have  shown  can  be  .summarized  briefly 
as  resulting  from  a  severe  vascular  insult,  which,  while  generalized,  finds  its 
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most  dramatic  expression  in  bilateral  renul  cortical  necrosis,  an  acute  hemolytic 
process,  and  an  acute  nonspecific  pericarditis  of  undetonnincd  otiolosy.  TIow 
are  these  findings  related  and  what  is  their  causation'.' 

It  is  known  that  bilateral  renal  cortical  necrosis  occurs  in  man  in  certain 
more  or  less  well-defined  situations,  the  majority  oi'  (ho  desci'ibed  cases  being 
associated  with  pregnancy  (Table  II). 

A  syndrome  of  acquired  non-immune  hemolytic  anemia  with  thrombopenia 
and  nephropathy  has  been  reported  with  increasing  frequency  in  recent  years, 
since  the  report  of  Gasser  et  al.  who  described  the  clinical  and  necropsy  findings 
in  five  fatal  cases  (1) .  About  sixty  cases  have  been  reported  by  now,  the  majority 
in  infants  under  one  year  of  age.  However,  it  may  occur  in  older  children  (1  to 


Fig.  8.  EpicaKlnim :  acute  nnii~i>i citic  pericarditis.  (Hematox>iiu  nini  i n-m,  X  200) 


3) .  About  one-third  of  the  reported  cases  have  been  fatal,  and  autopsy  studies 
have  revealed  bilateral  renal  cortical  necrosis  or,  in  some  cases,  glomeruloneph- 
ritis (4  to  6) .  One  paper  only  reports  platelet  thrombi  in  the  kidneys  and  other 
organs;  for  this  reason  the  condition  has  been  related  to  thrombotic  throm- 
bocytopenic purpura  (7) .  The  primary  agent  on  which  both  hemolytic  syndrome 
and  the  nephropathy  are  thought  to  depend  is  unknown.  The  onset  of  the  illness 
with  signs  of  respiratory  tract  or  intestinal  tract  infection  in  many  patients 
has  suggested  that  bacterial  toxins  or  the  action  of  a  virus  may  have  etiological 
importance  (1,  8,  9).  Drug  sensitivity  has  also  been  considered. 

If  recovery  takes  place  it  is  usually  complete  in  about  one  month  after  the 
onset  of  illness,  although  proteinuria  and  an  elevated  BUN  may  persist  for 
some  time.  In  the  autopsied  cases  the  renal  lesion  was  almost  invariably  severe 
and  probably  accounted  for  the  fatal  outcome. 
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Bilateral  renal  cortical  necrosis  was  first  described  in  1885  in  a  16  year  old 
girl  with  scarlet  fever  (10).  Case  reports  in  children  have  appeared  in  the 
literature  since  1913.  It  is  now  widely  accepted  that  the  mechanism  of  renal 
cortical  necrosis  resides  in  ischemia  produced  by  changes  in  the  renal  vascula- 
ture. The  circulatory  disturbance  is  not  confined  to  the  kidneys,  and  one  can 
find  evidence  of  vascular  damage  in  other  organs,  especially  in  the  digestive 
tract  were  they  are  usually  designated  as  shock  lesions.  Such  lesions  have  been 
produced  experimentally  by  various  substances  of  bacterial  origin  as  well  as 
by  chemical  poisons  (11) ;  they  are  probably  mediated  by  the  central  nervous 
system. 

The  hemorrhagic  colitis  observed  in  our  patient  at  laparotomy  and  still  pres- 
ent at  autopsy  is  similar  in  localization  and  histological  characteristics  to 

TABLE  II 
Renal  Cortical  Necrosis 

I.  Pregnancy 

eclampsia 

retioplacental  hemorrhage 
amniotic  fluid  embolism 
septic  abortion 
II.  Infections 

streptococcal,  pneumococcal,  diphtheria 

malaria,  dysentery 

coliform  organisms  (endotoxin) 

III.  Exogenous  Toxins,  Drugs 

IV.  Shock 

of  various  causation 
V.  Syndrome  of  Hemolytic  A  nemia,  Thrombopenia  and  Nephropathy 
mostly  in  infants,  cause? 
VI.  Experimental 

staphylococcal  toxin 

gram-negative  endotoxin  ("general  Shwartzman  phenomenon") 
serotonin 

the  experimental  lesions  described  by  Penner  and  Bernheim  (12).  It  is  possible 
that  endotoxins  appeared  in  the  circulation  following  the  intestinal  lesion,  thus 
precipitating  the  renal  lesion. 

One  may  thus  reconstruct  the  sequence  of  events  in  oiu'  patient  in  the  following 
way:  The  initiating  insult  is  not  known  but  may  have  been  an  infection,  bacterial 
or  viral  (pericarditis?).  An  exogenous  toxin  or  a  dietary  factor  cannot  be  ruled 
out,  especially  in  a  young  child.  The  hypothetical  circulating  toxin  produced 
changes  in  the  gastrointestinal  tract,  particularly  the  duodenum,  cecum  and 
midcolon,  giving  rise  to  blood-streaked  diarrhea  and  abdominal  pain.  Subsequent 
events  could  be  explained  on  the  basis  of  endotoxemia,  resulting  in  renal  ischemia 
and  cortical  necrosis  as  seen  in  the  generalized  Shwartzman  reaction.  We  have 
observed  such  a  case  in  a  three  year  old  boy  with  Salmonella  infection,  and 
it  is  well  known  to  occur  in  infants  infected  with  pathogenic  strains  of  E.  coli. 
Whether  the  renal  lesion  must  be  secondary  to  an  intestinal  insult  is  moot 
since  renal  cortical  necrosis  has  been  produced  experimentally  with  substances 
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other  than  bacterial  endotoxin,  such  as  staphylococcal  toxin  or  serotonin.  On 
the  other  hand,  we  remember  that  in  this  patient  intestinal  symptoms  preceded 
the  appearance  of  renal  symptoms. 

The  role  of  surgical  intervention  in  precipitating  the  catastrophic  renal 
injury  is  problematic.  Cases  have  been  reported  of  acute  renal  failure  following 
abdominal  surgery,  after  a  symptom-free  interval  of  a  week  to  ten  days. 

The  hemolytic  anemia  in  this  patient  was  probably  of  non-immune  origin 
(negative  Coombs'  test) .  I  believe  that  it  was  due  to  the  primary  insult  rather 
than  secondary  to  renal  failure  with  azotemia.  Although  we  have  no  platelet 
count  and  no  report  of  red  cell  fragmentation,  I  felt  that  the  syndrome  which  we 
have  presented  closely  resembles  the  so-called  hemolytic  uremic  syndrome 
as  first  described  by  Gasser  et  al.  (1). 

Its  relationship  to  the  generalized  Shwartzman  reaction  on  the  one  hand  and 
to  thrombotic  microangiopathy  (Moschcowitz's  disease)  on  the  other  remains 
to  be  elucidated. 

Dr.  Rausen:  Burr  cells  or  pyknocytes  or  acanthocytes  should  have  been 
seen  on  careful  examination  of  the  blood  smear.  This  has  been  described  in 
the  children  who  were  thought  to  have  the  syndrome  somewhat  akin  to  the 
adult  form  of  thrombocytopenic  purpura,  namely,  the  hemolytic  uremic  syn- 
drome. They  have  also  been  found  fairly  consistently  in  individuals  whose  blood 
urea  nitrogen  is  over  70  to  75  mg%  for  any  length  of  time.  This  is  particularly 
true  in  the  presence  of  microspherocytes.  Burr  cells  usually  stain  a  bit  more 
intensely  than  the  normal  cells  and  are  characterized  by  having  several  spiny 
projections.  They  have  to  be  seen  in  areas  with  normal  cells  to  ascertain  that 
they  are  not  the  result  of  a  faulty  preparation.  There  are  two  non-azotemic 
conditions  that  are  characterized  by  the  presence  of  these  abnormally  contracted 
erythrocytes.  One  is  almost  solely  in  the  newborn  period  associated  with  he- 
molytic anemia  of  variable  severity.  This  is  much  more  prone  to  occur  in  pre- 
mature infants  and  seems  to  be  self-limited.  This  condition,  which  is  character- 
ized by  large  numbers  of  these  small  cells,  has  been  called  infantile  pyknocytosis 
and  may  very  well  be  due  to  a  transient  enzymatic  defect  similar  to  the  other 
types  of  disorders  peculiar  in  the  newborn  period,  such  as  hyperbilirubinemia, 
without  any  known  causation  aside  from  improper  or  faulty  conditions  in  the 
liver  for  a  short  period  of  time. 

The  other  condition  which  has  recently  been  better  delineated  is  retinitis 
pigmentosa  atoxia  with  peculiar  types  of  burr  cells  in  the  peripheral  blood 
smear.  This  condition  is  a  genetic  homozygous  recessive  disorder  characterized 
by  lack  of  beta  globulin  in  the  serum.  There  may  be  an  additional  deficiency 
that  may  account  for  the  contracted  cells  that  are  also  seen  in  the  adults  with 
this  condition  without  any  overt  evidence  of  a  hemolytic  anemia. 

Urea  and  other  metabolic  products  in  association  with  azotemia  do  not  in 
vitro  seem  to  induce  hemolysis  in  otherwise  normal  cells.  Some  as  yet  unknown 
factor  that  may  be  common  to  these  three  conditions  may  account  for  the  un- 
usual cells  present  in  all. 

Dr.  Stray ss:  Dr.  Rausen,  do  you  think  that  the  hemolytic  anemia  present 
in  this  child  could  have  been  secondary  to  renal  insufficiency  with  azotemia? 
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Dr.  Rausen:  In  most  cases  of  acute  or  chronic  renal  insufficiency,  the  anemia 
takes  a  fairly  long  time  to  develop.  It  usually  reaches  its  maximmn  in  four 
to  six  weeks  after  the  development  of  acute  renal  failure,  and  this  child's  illness 
had  only  a  five  or  six  day  course  before  maximal  anemia  occurred.  In  addition, 
the  child  had  a  very  hyperplastic  marrow  which  is  fairly  uncommon  in  acute 
renal  failure.  This  is  apparently  the  reason  that  children  or  adults  with  acute 
renal  failure  develop  progressive  slow  anemia,  primarily  because  the  marrow 
cannot  compensate  for  a  mild  hemolytic  defect.  In  this  case  there  must  have  been 
a  fairly  brisk  hemolytic  process  if  we  are  going  to  try  to  account  for  the  sudden 
drop  in  hemoglobin  in  the  face  of  what  seems  to  be  a  hyperfunctioning  bone 
marrow. 

Dr.  Hans  Popper^:  This  was  a  beautifully  described  picture  and  very  well 
studied.  I  wonder  why  we  do  not  see  that  more  often.  This  was  probably  the 
result  of  an  endotoxin  in  the  sense  of  a  generalized  Shwartzman  phenomenon. 
E.  coli  are  commonly  found  organisms  but  what  occurred  here  in  this  exceptional 
case  to  cause  this  reaction? 

Dr.  Hodes:  Are  we  not  seeing  more  of  these  in  overwhelming  gram  negative 
sepsis? 

Dr.  Popper:  No,  it  is  not  part  of  the  picture  of  overwhelming  gram  negative 
sepsis. 

Dr.  Hodes:  I  think  there  is  another  mechanism  involved  in  the  cases  that  we 
have  had  and  in  the  ones  I  have  read  about.  Entry  of  the  bacteria  into  the  wall 
of  the  intestine  might  be  the  factor.  Not  only  is  endotoxin  needed  but  also 
necrosis  of  some  kind  which  begins  locally.  In  other  words,  a  local  injury  must 
precede  the  generalized  one. 

Dr.  Strauss:  The  question  is  how  the  injury  in  the  intestine  is  produced.  This 
would  be  peculiar  if  it  Avere  on  the  basis  of  a  generalized  vascular  injury.  What 
interested  me  is  that  it  can  be  produced  simply  by  injecting  the  toxin  locally, 
for  instance,  into  the  central  nervous  system. 

Dr.  Hodes:  Can  it  be  blocked  in  a  high  percentage  of  cases? 

Dr.  Strauss:  Yes. 

Dr.  Hodes:  My  guess  would  be  that  there  is  a  local  injury  necessary.  This 
has  been  described  not  only  with  E.  coli  but  with  what  appeared  to  be  viral 
diarrhea.  I  think  one  of  the  elements  in  this  is  an  intestinal  injury,  maybe  on 
a  vascular  basis  first.  There  is  abdominal  pain  and  then  somebody  operates 
on  these  children  which  may  also  contribute  to  the  condition. 

Dr.  Popper:  It  would  develop  even  if  they  were  not  operated  upon. 

Dr.  Strauss:  The  significance  of  the  surgery  is,  of  course,  very  problematic. 
There  have  been  a  number  of  cases  described  in  which  patients,  after  an  initial 
benign  course  postoperatively,  eight  or  ten  days  later  develop  uremia,  convul- 
sions and  bilateral  cortical  necrosis. 

Dr.  Hodes:  What  has  been  added  to  the  concept  is  the  hemolysis  and  this 
might  have  been  present  all  the  time.  We  have  perhaps  not  been  sophisticated 
enough  to  think  abovit  it.  I  dislike  seeing  a  new  name  used  but  I  guess  there 
is  no  help  for  it. 

*  Pathologist-in-Chicf,  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 
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Dr.  Strauss:  This  child,  liowcvcr,  was  not  anemic  when  slic  first  came  in, 
certainly  not  severely  so.  There  was  an  abi  upt  drop  in  hemof^loljin. 

Dr.  Gribetz:  In  the  pediatric  literature  this  was  fii'st  described  under  the 
name  of  the  hemolytic  uremic  syndrome  in  1955  by  Gasser  and  his  group  in 
Switzerland.  Since  that  time  there  have  hccn  many  case  reports  with  different 
names  attached  to  it  such  as  "hemolytic  crises  with  nephropathy,"  "burr  cell 
disease"  or  "red  cell  fragmentation  syndrome." 

Dr.  Rauseii:  In  trying  to  relate  this  to  the  thrombotic  thrombocytopenic 
purpura  in  adults,  the  Rochester  group  recently  observed  that  the  renal  lesions 
and  characteristic  findings  of  thrombocytopenic  purpura  may  take  time  to 
develop.  They  cited  two  cases  with  intermittent  uremia,  thrombocytopenia 
and  hemolytic  anemia.  On  biopsy  they  did  not  show  evidence  of  the  thrombotic 
thrombocytopenic  purpura  but  it  progressively  developed  and  became  more 
characteristic  over  a  period  of  years.  They  then  speculated  that  the  acute 
cases  do  not  have  to  develop  the  same  types  of  changes  that  occur  in  the  more 
classic  ones  of  thrombotic  thrombocytopenic  purpura. 

Final  Diagnosis:  Bilater.^l  renal  cortical  necrosis  (hemolytic  uremic 
syndrome)  . 
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CASE  NO.  224 

A  newborn  Puerto  Rican  male  was  observed  at  two  days  of  age  to  have  a  dis- 
tended abdomen  and  to  occasionally  vomit  small  quantities  of  a  greenish  fluid. 
Although  he  had  passed  some  meconium  on  the  first  and  second  days  of  life,  the 
abdominal  distention  was  increasing.  No  abdominal  masses  could  be  palpated. 
A  roentgen  examination  of  the  abdomen  showed  dilatation  of  numerous  loops  of 
bowel  (Fig.  1) .  In  the  erect  position,  there  were  multiple  fluid  levels.  It  could  not 
be  determined  with  certainty  whether  the  gas  was  confined  to  the  small  bowel  or 
was  present  in  both  small  and  large  bowel.  After  insertion  of  a  nasogastric  tube 
and  the  administration  of  intravenous  fluids,  a  Hypaque  meal  study  was  made 
by  injection  of  the  contrast  substance  through  the  nasogastric  tube  into  the 
stomach.  The  Hypaque  outlined  a  moderately  dilated  small  bowel  with  no 
evidence  of  obstruction  (Fig.  2) .  The  contrast  substance  was  within  the  colon 
at  approximately  three  hours.  The  colon  was  not  distended  and  the  patient  was 
noted  to  pass  some  of  the  contrast  material  through  the  rectum.  A  Hypaque 
enema  examination  made  the  following  day  showed  the  rectum  and  colon  to 
be  of  normal  caliber  throughout  (Fig.  3) .  Gaseous  distention  of  the  small  bowel 
was  still  noted.  Evacuation  of  the  contrast  substance  was  relatively  good. 
There  was  no  abnormal  retention  of  the  Hypaque.  Abdominal  distention  was 
relieved  by  intestinal  intubation  and  the  patient  continued  to  pass  stools  nor- 
mally. After  seven  days,  the  patient  was  discharged  but  the  mother  was  told  to 
report  any  significant  changes  in  the  baby's  bowel  function  or  any  recurrence  of 
abdominal  distention.  About  one  month  later  the  infant  was  brought  back  to  the 
hospital  because  of  diarrhea,  distention  and  fever.  E.  coli  was  cultured  from 
the  stools  but,  in  spite  of  antibiotics  and  fluids,  the  diarrhea  continued  and, 
after  ten  days,  the  infant  was  noted  to  have  developed  periorbital  and  facial 
edema  and  pitting  edema  of  the  legs.  The  serum  albumin  was  2.9  Gm%.  The 


Case  244,  Fig.  1.  Examination  of  the  abdomen  shows  numerous  loops  of  bowel  to 
be  distended  by  gas.  While  most  of  the  loops  represent  small  bowel  the  possibility 
that  some  of  the  gas  is  in  the  colon  cannot  be  excluded.  The  absence  of  gas  in  the 
rectum,  however,  should  be  noted. 

Case  224,  Fig.  2.  Injection  of  Hypaque  through  a  nasogastric  tube  shows  the  small 
bowel  to  be  moderately  dilated.  Later  films  showed  contrast  substance  in  the  colon  at 
approximately  3  hours.  No  obstruction  was  demonstrated. 

From  the  Department  of  Radiology,  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 
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Case  224,  Fig.  5.  After  injection  of  a  small  amount  of  Hypaque  through  the  rectum  a 
narrowed  rectum  and  rectosigmoid  is  outlined  (arrow)  and  the  colon  proximal  to  this  is 
considerably  dilated.  These  findings  are  consistent  with  agangiionosis  involving  the 
rectum  and  rectosigmoid. 


Case  224,  Fig.  3.  Hypaque  enema  shows  the  rectum  and  colon  to  be  of  normal  caliber 
throughout.  Gaseous  distention  of  small  bowel  loops  may  be  noted.  Evacuation  of  the 
contrast  substance  was  good. 

Case  224,  Fig.  4.  Examination  of  the  abdomen  shows  rather  marked  distention  of 
numerous  loops  of  bowel.  It  is  diflPicult  to  distinguish  large  and  small  bowel  but  the 
larger  loops  in  the  lower  abdomen  and  along  the  left  margin  and  upper  abdomen 
probably  represent  dilated  large  bowel.  No  gas  is  demonstrated  in  the  rectum. 
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globulin  2.6  Gm%.  A  tentative  diagnosis  of  a  protein-losing  enteropathy  was 
made.  At  this  time,  a  roentgen  examination  of  the  abdomen  showed  considerable 
dilatation  of  numerous  loops  of  what  were  interpreted  to  be  both  large  and  small 
bowel.  No  fecal  material  was  demonstrated  in  the  gas-filled  loops  and  no  gas 
was  demonstrated  in  the  rectum  (Fig.  4).  A  small  amount  of  Hypaque,  given 
by  rectum,  outlined  a  narrowed  rectum  and  rectosigmoid  with  dilatation  of  the 
colon  proximal  to  the  narrowed  segment  (Fig.  5) .  A  diagnosis  of  Hirschsprung's 
disease  was  made.  The  baby  was  given  intravenous  fluids,  albumin  and  anti- 
biotics and  a  transverse  colostomy  was  performed.  There  was  marked  improve- 
ment following  the  colostomy  and  the  patient  was  discharged  to  return  later 
for  a  Swenson  pull-through  procedure. 

Case  Report:  Infantile  Hirschsprung's  disease  with  enterocolitis  and 

PROTEIN-LOSING  ENTEROPATHY. 

CASE  NO.  225 

With  the  assistance  of  s.  daniel  blum,  m.d. 

A  3  month  old  male  infant  was  admitted  to  the  hospital  because  of  fever, 
diarrhea  and  abdominal  distention.  His  past  history  indicated  that  he  had  been 
constipated  since  birth  and,  in  fact,  had  passed  no  stool  for  several  days  after 
birth  until  attempts  to  dilate  the  rectum  dislodged  a  large  meconium  plug.  The 
mother  reported  that  since  that  time  the  patient  had  been  intermittently  moder- 
ately constipated  until  about  two  weeks  before  this  admission,  when  he  developed 
fever  and  profuse  diarrhea.  In  the  hospital,  stool  cultures  revealed  a  Staph, 
aureus  coagulase  positive.  Toxic  granulosis  of  the  red  cells  was  noted.  The 
patient  was  treated  with  antibiotics  and  Kaopectate  but  the  diarrhea  did  not 
subside.  After  evaluation  of  the  previous  history,  it  was  considered  likely 
that  the  patient  was  suffering  from  an  enterocolitis  secondary  to  Hirschsprung's 
disease.  A  barium  enema  done  to  confirm  this  impression  disclosed  narrowing 
of  the  rectum  and  rectosigmoid  with  dilatation  of  the  colon  proximal  to  the 
nai'rowed  segment.  (Figs.  1,  2.)  This  dilated  portion,  however,  was  localized 
and  proximal  to  it  the  colonic  lumen  was  again  diminished  in  caliber.  Some 
fine  spiculation  of  the  bowel  margins  was  noted  and  the  mucosa,  where  demon- 
strable, showed  some  edematous  change.  The  appearance  of  the  colon  proximal 
to  the  dilated  segment  was  consistent  with  an  ulcerative  colitis.  A  rectal  biopsy 
showed  an  absence  of  ganglion  cells.  Following  decompression  by  rectal  tube, 
a  right  transverse  colostomy  was  performed.  A  Swenson  pull-through  operation 
was  delayed  until  the  patient  was  ten  months  old.  At  that  time,  multiple  biopsies 
established  that  the  level  of  transition  from  normal  ganglion  cells  to  absence 
of  ganglion  cells  was  at  the  proximal  rectosigmoid.  Ten  days  after  this  opera- 
tion, the  patient  developed  another  bout  of  enterocolitis  which  was  successfully 
treated  with  intravenous  fluids  and  antibiotics. 

Case  Report:  Enterocolitis  in  infantile  Hirschsprung's  disease  with 

ROENTGEN  APPEARANCE  OF  ULCERATIVE  COLITIS. 
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Case  225,  Fig.  1 .  Barium  enema  examination  shows  narrowing  of  the  rectum  and  recto- 
sigmoid (arrow).  The  distal  sigmoid  is  dilated  but  the  colon  proximal  to  this  dilated 
segment  is  diminished  in  caliber  for  a  distance  and  then  moderately  dilated.  There 
is  a  loss  of  haustral  markings  and  some  spiculation  is  noted  along  the  bowel  margins. 
The  roentgen  appearance  proximal  to  the  aganglionic  segment  is  that  of  ulcerative 
colitis.  Distended  loops  of  small  bowel  are  also  demonstrated. 
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DISCUSSION 

In  older  infants  and  in  children  the  classic  clinical  manifestations  of  Hirsch- 
sprung's disease  are  chronic  abdominal  distention  and  more  or  less  intractable 
constipation.  In  such  patients,  the  roentgen  findings  on  a  properly  performed 


Case  225,  Fig.  2.  Postevacuation  film  shows  incomplete  emptying.  In  addition  to  mar- 
ginal spiculation  some  nodularity  of  the  mucosa  can  be  seen. 

barium  enema  examination  arc  typically  those  of  narrowing  of  the  distal  colon 
and  rectum  with  dilatation  of  the  colon  proximal  to  the  narrowed  segment. 
Evacuation  of  the  contrast  substance  is  always  poor.  The  clinical  and  roentgen 
features  of  Hirschsprung's  disease  in  the  newborn  and  very  young  infant,  how- 
ever, are  quite  different  and  it  is  important  for  early  diagnosis  to  separate  these 
two  syndromes. 

In  the  newborn  infant,  Hirsclisjirung's  disease  is  usually  manifested  by  abdom- 
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iiial  distention,  vomiting  and  a  pci'iod  of  ol)sti|)alion.  'I'lic  clinical  iiictui'c  is  tliat 
of  intestinal  obstrnction.  A  flat  film  of  the  abdomen  will  usually  sliow  numerous 
loops  ol'  dilated  intestine  with  multiple  fluid  levels  in  tlie  erect  position.  At  this 
age,  it  is  frequently  difficult  or  impossiide  to  differentiate  radiographically  be- 
tween distended  large  and  small  bowel,  so  that  the  roentgen  appearance  may 
well  be  considered  consistent  with  a  small  bowel  obstruction.  For  this  reason, 
it  is  always  advisable  to  outline  the  large  bowel  by  contrast  enema.  In  new- 
born infants  with  Hirschsprung's  disease,  however,  the  colon  may  outline  nor- 
mally, since  changes  in  the  caliber  of  the  colon  due  to  functional  obstruction 
may  not  have  developed  at  this  early  period.  It  is  helpful  in  such  circumstances 
to  observe  the  degree  of  evacuation  of  the  contrast  substance  since  evacuation 
is  usually  poor  and  large  amounts  of  tlie  enema  fluid  arc  retained  for  24  or  48 
hours.  Even  without  the  typical  distal  naiTowing  and  i)roximal  cUlatation  of  the 
colon  on  contrast  enema,  the  clinical  picture  of  intestinal  ol)struction  with  dilated 
loops  of  small  bowel  and  a  normal  colon  and  I'ectum  is  sufficiently  characteristic 
of  Hirschsprung's  disease  to  warrant  a  high  index  of  suspicion  and  the  perform- 
ance of  a  rectal  biopsy. 

An  understanding  of  the  subseciuent  chnical  course  of  the  condition  in  these 
infants  is  also  imperative  for  diagnosis  and  i)roper  treatment.  After  relief  of 
the  obstructive  manifestations,  the  infants  usually  experience  a  period  during 
which  the  bowel  movements  are  normal  or  there  is  mild  constipation.  After 
a  few  weeks,  however,  some  of  the  patients  develop  a  more  classical  syndrome 
of  increasing  constipation  and  abdominal  distention  and  roentgen  findings 
cliaracteristic  of  aganglionosis.  Many  of  them,  however,  contract  a  viral  or  bac- 
terial enterocolitis  and  are  then  seen  with  abdominal  distention,  vomiting,  fever 
and  diarrhea.  Such  attacks  may  be  acute  and  lethal  if  the  iiriiiuii'v  disease  is  un- 
suspected, or  they  may  be  recurrent  or  chronic.  If  the  neonatal  history  is  un- 
known or  not  properly  evaluated,  nonoperative  therapy  may  be  inadequate  and 
I'esult  in  death  of  the  patient.  Without  suspicion  of  aganglionosis,  the  diagnosis 
may  be  missed,  even  after  autopsy.  There  is  little  doubt  that  some  infants  who 
have  died  from  "diarrhea"  have,  in  fact,  succumbed  to  this  frequent  complica- 
tion of  Hirschsprung's  disease. 

Several  interesting  features  are  to  be  noted  in  the  two  cases  described  above. 
In  the  first  case,  although  the  infant  developed  abdominal  distention  and 
vomited  small  quantities  of  bile-stained  fluid,  there  was  no  obstipation.  Some 
meconium  was  passed  on  the  first  and  second  days  prior  to  the  enema.  Radio- 
graphic examination  of  the  colon  in  the  newborn  period  failed  to  establish  a 
roentgen  diagnosis  of  Hirschsprung's  disease  (See  Case  224,  Fig.  3)  and  evacu- 
ation of  the  enema  was  considered  to  be  within  normal  with  no  evidence  of  the 
stasis  usually  seen  following  enema  examination  in  this  disease.  One  month  later, 
an  enema  with  water  soluble  contrast  substance  demonstrated  the  diagnostic 
roentgen  features  of  aganglionosis.  The  hypoproteinemia  was  interpreted  as  due 
to  exudative  enteropathy  with  protein  loss  into  the  intestinal  tract.  Feinberg  et 
al.  have  recently  reported  four  cases  of  exudative  enteropathy  in  infantile 
Hirschsprung's  disease  (1). 
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In  the  sei'ond  case,  hariiuu  cnciua  examination  rf\-c'alc(l  tlic  unusual  findings 
of  an  agano;lionio  segment  of  rectum  and  rectosigmoid  associated  with  ulcerative 
colitis.  Pathologically,  ganglion  cells  were  absent  up  to  the  proximal  rectosig- 
moid. Proximal  to  this  area  there  is  a  segment  of  dilated  colon.  Above  this  the 
lumen  is  narrowed,  there  are  fine  marginal  spiculations  due  to  ulceration,  and 
some  cobblestoning  of  the  mucosa  can  be  appreciated.  There  is  a  loss  of  the 
haustral  markings  throughout,  the  appearance  being  that  of  an  ulcerative  colitis. 
In  this  case  the  colitis  was  considered  to  be  specific  and  due  to  a  Staph,  aureus 
infection.  In  these  severe  forms  of  colitis  changes  may  occur  which  are  irreversi- 
ble even  after  colostomy.  Thus,  colitis  may  jiersist  if  the  patient  survives. 
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CASE  NO.  226 

This  3  year  old  female  child  weighed  4  lbs.,  8  oz.,  when  delivered  at  term. 
The  pregnancy  had  been  uneventful.  Examination  in  the  newljorn  period  re- 
vealed no  abnormalities  except  for  a  somewhat  peculiar  facies  characterized  by 
prominance  of  the  eyes  and  slight  puffiness  of  the  eyelids.  She  gained  weight 
well  and  was  discharged  from  the  hosintal  after  twelve  days.  At  the  age  of  two 
months  her  pediatrician  first  noted  that  her  liver  and  spleen  were  enlarged.  At 
three  months  of  age  she  had  developed  a  noticeable  pallor  and  hematologic 
work-up  revealed  a  moderate  anemia  and  many  vacuolated  lymphocytes  and 
monocytes.  A  bone  marrow  smear  showed  scattered  Niemann-Pick  cells.  At 
about  one  year  of  age  papilledema  and  cherry  red  spots  in  the  macular  area  of  the 
ocular  fundus  were  observed.  The  child,  nevertheless,  continued  relatively  well 
until  one  day  prior  to  this  admission  at  the  age  of  three  years,  when  dyspnea 
and  cough  were  noted. 

Physical  examination  on  admission  revealed  marked  pallor  and  lethargy.  The 
respirations  were  somewhat  labored.  Auscultation  of  the  lungs  revealed  scat- 
tered bilateral  wet  rhonchi  and  expiratory  wheezes.  The  heart  rate  was  100  per 
minute.  There  was  a  grade  3  harsh  systolic  murmur  along  the  left  sternal  border 
and  at  the  apex.  The  spleen  was  enlarged,  hard,  and  extended  into  the  pelvis. 
The  liver  extended  below  the  umbilicus.  The  reflexes  w^ere  hypoactive.  There  was 
some  atrophy  of  the  lower  extremities.  Clubbing  of  the  fingers  was  noted.  The 
clinical  impression  was  that  of  a  pneumonitis,  probably  associated  with  con- 
gestive heart  failure  secondary  to  cardiac  infiltration. 

A  roentgen  examination  of  the  chest  showed  an  enlarged  heart  with  pulmonary 
vascular  engorgement  but  no  definite  infiltrations  could  be  demonstrated.  The 
hemoglobin  was  11  Gm.  There  were  3,900  WBC  wdth  68  polys,  12  bands  and 
17  lymphs.  Traces  of  albumin  were  found  in  the  urine.  A  roentgen  skeletal  survey 
showed  a  generalized  demineralization  of  the  bones.  In  the  long  bones,  the  medul- 


RADIOLOGICAL  NOTES 


73 


Case  226,  Fig.  1.  Examination  of  the  lower  extremities  shows  marked  demineralization. 
The  cortices  are  thinned  and  the  medullary  cavities  are  widened.  There  is  moderate 
failure  of  tubulation  of  the  long  bones. 
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lary  cavities  were  wideiu'd  and  the  cortices  were  thinned  I  Fii>;.  1 ).  The  ribs  were 
widened  with  very  thin  cortical  margins.  The  short  tubular  bones  of  the  hands 
and  feet  were  considerably  demineralized  with  extremely  thin  cortices  but  they 
maintained  relatively  normal  contours  (Fig.  2l.  The  skull  was  not  abnormal. 

The  patient  was  digitalized  and  placed  on  penicillin  therapy.  By  the  sixth 
hospital  day  the  fever  was  down  to  normal  and  remained  that  way.  The  child's 
distress  was  considerably  diminished  and  her  appetite  began  to  improve.  By  the 


Case  226,  Fig.  2.  The  short  tubular  bones  of  the  hand  show  widened  medullary  cavities, 
thinned  cortices  and  marked  demineralization. 

eighth  day  the  patient  had  improved  to  an  extent  permitting  discharge  from  the 
hospital. 

Case  Report:  Xiemaxn-Pick  disease. 

DISCUSSION 

Demonstrable  bone  changes  occur  in  many  cases  of  Niemann-Pick  disease. 
Accumulation  of  large  numbers  of  Niemann-Pick  cells  in  the  bone  marrow 
result  in  widening  of  the  medullary  cavities,  thinning  of  the  cortices  and  dimin- 
ished density  of  the  bones.  When  the  process  is  advanced  there  is  moderate 
failure  of  tubulation  of  the  long  bones.  Characteristically,  roentgen  changes  are 
not  noted  in  the  diploic  space  of  the  skull.  In  many  instances  reticulogranular 
infiltrations  may  be  seen  in  the  lungs  and,  in  some  cases,  extensive  calcifications 
have  been  demonstrated  in  the  adrenal  glands. 
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This  jKit it'll t  was  (lia^iiosc(  1  at  the  rclat ix'cly  early  a^c  ol'  three  iiiont h>  ami  has 
already  survived  for  almost  three  years.  L'sually,  the  course  is  one  of  unreuiittiiig 
deterioration  with  death  occurring  within  a  few  months.  The  i)rolongcd  survival 
of  this  patient  may  well  account  for  the  advanced  nature  of  the  bone  changes 
noted. 
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CASE  NO.  227 

A  six  year  old  Negro  girl  was  admitted  to  the  hospital  with  a  two  month  history 
of  weakness,  anorexia,  lethargy  and  low  grade  fever.  The  past  history  was  non- 
contributory.  There  was  no  history  of  contact  with  tuberculosis.  Physical  exam- 
ination revealed  normal  height  but  the  patient  was  2  standard  deviations  below 
average  in  weight.  Some  conjunctival  pallor  was  noted.  The  abdomen  was  dis- 
tended. The  liver  was  1  fingerbreadth  below  the  costal  margin.  A  large  mass 
could  be  palpated  in  the  right  ui)per  abdomen.  It  extended  across  the  midline  and 
was  separate  from  the  li^-er.  No  other  abnormalities  were  noted.  Laboratory 
studies  disclosed  a  hemoglobin  of  8.2  Gm.  WBC  were  15,250  with  slight  shift  to 
the  left.  There  was  a  slight  trace  of  albumin  in  the  urine  with  occasional  white 
blood  cells.  The  erythrocyte  sedimentation  rate  was  82  mm/hr.  Tuberculin 
test  of  intermediate  strength  was  markedly  positive  at  48  hours. 

X-ray  examination  of  the  chest  showed  a  widening  of  the  superior  mediastinal 
shadow  to  the  right.  The  appearance  was  consistent  with  right  paratracheal 
adenopathy  (Fig.  Ij.  Intravenous  pyelography  showed  the  right  kidney  to  be 
displaced  slightly  laterally  and  slightly  rotated.  There  was  dilatation  of  the 
left  collecting  system  and  the  left  ureter  was  displaced  upward  and  outward 
just  below  the  uretero-pelvic  junction  (Fig.  2).  These  findings  were  interpreted 
as  being  due  to  a  retroperitoneal  mass  or  masses  extending  across  the  midline 
and  displacing  the  right  kidney  and  left  ureter.  A  barium  meal  examination 
showed  some  dilatation  of  the  descending  duodenum.  There  was  a  small  com- 
pression defect  on  the  lower  margin  of  the  duodenum  at  the  junction  of  the 
second  and  third  portions  and  a  much  larger  compression  defect  involving  the 
distal  duodenum  up  to  the  ligament  of  Treitz  (Fig.  3) . 

Because  of  the  positive  tuberculin  test,  gastric  washings  and  urine  were  sent 
to  the  laboratory  for  culture  and  the  patient  was  scheduled  for  liver  biopsy. 
It  was  felt,  however,  that  this  should  be  preceded  by  one  week  of  INH  and  PAS 
antituberculous  therapy.  The  patient  became  afebrile  after  72  hours  of  therapy 
but  the  ESR  and  the  WBC  remained  high.  The  liver  biopsy  was  not  diagnostic 
and  the  patient  was  scheduled  for  laparotomy.  At  surgery  a  mass  of  large  nodes, 
matted  together,  were  found  at  the  site  of  the  palpable  mass.  Frozen  section 
examination  showed  these  to  be  caseating  tuberculous  nodes.  It  was  technically 
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impossibk'  to  remove  tlicin.  The  patient  wat;  eontinued  on  INH  and  PAS  therapy, 
postoperatively.  Three  weeks  after  surgery  the  patient  was  discharged  from  the 
hospital  to  be  follow^ed  on  home  therapy.  Five  weeks  after  surgery  the  patient 
was  gaining  weight  and  had  a  normal  hemoglobin  and  an  ESR  of  31. 

Case  Report:  Tuberculosis  of  abdominal  and  mediastlxal  lymph  nodes. 


Case  227,  Fig.  1 .  The  superior  mediastinum  is  widened  to  the  left.  Its  left  lateral  margin 
is  rounded  and  the  appearance  is  consistent  with  left  paratracheal  adenopalhy. 

DLSCUSSION 

Tuberculosis  of  the  abdominal  lymph  nodes  may  result  from  primary  tuber- 
culosis of  the  intestine  or  from  seeding  with  tubercle  bacilli  through  the  blood- 
stream. Tuberculous  abdominal  nodes  may  compress  adjacent  loops  of  intestine 
with  varying  degrees  of  obstruction  to  the  passage  of  their  contents.  Compression 
of  the  protal  vein  may  result  in  ascites  and  dilatation  of  the  superficial  abdomi- 
nal veins  and  pressure  on  the  vena  cava  may  cause  edema  of  the  lower  extremi- 
ties. Lincoln  and  Sewell  have  mentioned  a  case  in  which  chylous  ascites  has  re- 
sulted from  compression  of  the  thoracic  duct. 

Develojiment  of  a  palpable  abdominal  mass  with  evidence  of  intestinal  com- 
pression and  displacements  of  the  kidney  and  ureter  are  not  commonly  seen  to- 
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Case  227,  Fig.  2.  Intravenous  urography  shows  the  right  kidney  to  be  displaced  laterally 
and  rotated.  The  left  collecting  system  is  dilated  and  the  left  proximal  ureter  is  com- 
pressed and  displaced  upward  with  partial  obstruction  (arrow).  This  was  interpreted  as 
being  due  to  a  large  retroperitoneal  mass  or  masses  crossing  the  midline  and  displacing 
the  right  kidney  and  left  ureter. 
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day  as  a  result  of  tuhciculoiis  adenitis.  For  that  reason  the  possibility  of  other 
retrojieritoneal  processes  such  as  neuroblastoma  and  lymphoma  were  considered 
in  this  case.  The  patient's  response  to  antituberculosis  therapy,  however,  was 


Case  227,  Fig.  3.  Barium  meal  examination  shows  dilatation  of  the  descending  duo- 
denum. There  is  a  compression  defect  on  the  lower  border  of  duodenum  at  the  junction 
of  the  second  and  third  portions.  The  distal  duodenum  is  markedly  compressed  with 
spreading  and  flattening  of  its  mucosal  folds.  The  presence  of  contrast  substance  in 
the  hepatic  flexure  of  the  colon  suggested  the  presence  of  a  duodenocolic  fistula  but 
one  could  not  be  demonstrated  at  surgery. 

strongly  suggestive  that  both  the  mediastinal  and  alxlominal  lesions  were  acid 
fast  in  origin.  The  finding  of  tuberculous  abdominal  nodes  at  surgery,  neverthe- 
less, was  not  without  surprise  for  some  observers. 
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Siiprarliiioid  Portion  of  the  Iiiloriial  (^arolid  Artery 

ALLEN  SILVERSTEIN,  M.D..  and  SIDNEY  HOLLIN,  M.D. 
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Despite  occasional  difficulties  in  diagnosis  (1  to  3),  the  angiographic  ajjpear- 
ance  of  a  complete  occlusion  of  the  origin  of  the  internal  carotid  artery  in  the 
neck  is  usually  readily  i-ecognized  by  all  arteriograi)hers.  Considerable  more 
difficulty,  however,  is  encountered  in  the  interpretation  of  arteriograms  show- 
ing cessation  of  flow  of  contrast  medium  at  the  intracranial  jiortion  of  the 
internal  carotid  artery.  The  authors  have  recently  presentefl  seven  patients  with 
arteriographic  findings  indicating  comj^lete  occlusion  of  the  supraclinoid  i)or- 
tion  of  the  internal  carotid  artery  elsewhere  (4).  An  additional  fifteen  patients 
with  supraclinoid  carotirl  obstruction  demonstrated  by  angiography  have  been 
reported  in  the  literature  (4).  The  purpose  of  this  communication  is  to  illustrate 
those  features  which  allow  an  arteriographic  diagnosis  of  supraclinoid  carotid 
occlusion,  and  to  discuss  other  conditions  which  may  cause  diagnostic  diffi- 
culties. 

Supraclinoid  Carotid  Occlusion:  The  clinical  histories  of  the  seven  patients 
have  been  presented  elsewhere  (4 1.  Their  arteriograms,  which  are  reproduced 
here  through  the  permission  of  the  editor  and  luildishers  of  Neurologn,  appear 
as  Figures  1  through  10. 

Serial  arteriography,  with  films  obtained  for  at  least  six  seconds  after  injec- 
tion, is  generally  necessary  for  the  arteriographic  diagnosis  of  supraclinoid 
carotid  occlusion.  With  a  true  occlusion  an  intracranial  arterial  "runoff"  is 
present,  and  this  allows  contrast  substance  to  leave  the  carotid  after  a  few 
seconds.  This  "runoff"  is  usually  the  ophthalmic  artery,  but  the  posterior 
communicating  and  posterior  cei-ebral  arteries,  and  the  antei'ior  choroidal  artery 
may  also  serve  in  this  fashion.  This  arterial  "runoff"  is  clearlj^  visible  in  each 
of  Figures  1  through  10.  It  is  felt,  therefore,  that  both  the  demonstration  of  an 
intracranial  arterial  "runoff"  and  the  passage  of  contrast  substance  from  the 
carotid  after  a  few  seconds  is  necessary  for  the  arteriographic  diagnosis  of  com- 
plete occlusion  of  the  supraclinoid  ])ortion  of  the  internal  carotid  artery.  The 
demonstration  of  collateral  circulation  from  the  posterior  cerebral  to  the  anterior 
and  middle  cerebral  arteries,  as  in  Figures  4,  5  and  10,  is  a  further  confirmatory 
finding. 

Faulty  Injection  of  Contrast  Media:  A  partial  extraluminal  injection  of 
contrast  substance  may  readily  mimic  the  appearance  of  a  supraclinoid  carotid 
occlusion  ( 1 ) .  Examples  of  this  are  shown  in  Figures  11  to  13.  It  is  not  clear  why 

From  the  Departments  of  Nfnirologv  and  Neurosurspi  v,  The  Mount  Sinai  Ho.';pital,  New- 
York,  N.Y. 
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Fio.  1.  (Top)  Supiac-linoid  carotid  occlusion.  The  ophthalmic  and  anterior  choroidal  ar- 
teries are  visualized.  Contrast  substance  \va.^  not  seen  in  the  carotid  three  seconds  after  injec- 
tion. 

Fig.  2.  (Bottom)  Same  patient  as  in  Fig.  1.  Repeat  arteriogram  one  month  later.  The  pos- 
terior communicating  and  po.sterior  cerebral  arteries  are  now  visualized. 


Fig.  3.  Supraclinoicl  carotid  oeclu.-sion.  The  ophtlialiiiK-  and  anterior  clioroidal  arteries 
are  visualized.  Contrast  substance  was  not  seen  in  the  carotid  four  seconds  after  injection. 


Fig.  4.  SupracUncjid  i-arotid  oi'chi.-ion.  The  (ijihiliahnic,  po.^teiior  coiniiiunicating  and 
posterior  cerebral  arteries  are  visualized.  A  faint  trickle  of  contrast  medium  has  entered  the 
first  portion  of  the  anterior  cerebral  artery. 
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tlic  resultant  artt'riojiiapliic  findings  following  faulty  injection  ficcjucntly 
resemble  supraclinoid  carotid  obstruction.  Possible  explanations  include  "spasm" 
of  the  artery  from  the  trauma  of  the  injection  or  dissection  of  the  contrast 
medium  within  the  cai'otid  arterial  wall  up  to  the  i)oint  of  bifurcation  of  the 
artery  at  its  supraclinoid  location.  Another  possil)ility  is  reduction  of  the  intra- 
arterial pressure  by  the  fatdty  injection  so  that  significant  intraluminal  con- 
trast substance  can  not  advance  furthei'  than  the  supraclinoid  jwrtion,  where 


Fig.  5.  Same  inji'i-tion  a.s  in  Fig.  4.  but  i'Xikisuiv  (ilitamcd  three  .■^ccdiids  later.  Contrast 
substance  is  no  longer  in  tlic  ciiiitid  artery.  Collateral  circulation  from  the  posterior 

cerebral  to  the  middle  and  anterior  cerebral  arteries  is  shown. 

it  is  so  diluted  by  blood  coming  from  the  anterior  or  posterior  communicating 
arteries  as  to  lose  its  opacity.  (A  severe  stenosis  of  the  cervical  carotid  artery 
may  also  reduce  the  pressure  in  the  intracranial  portion  of  the  artery  thus 
preventing  the  flow  of  significant  amounts  of  contrast  medium  from  the 
supraclinoid  region.  An  example  of  this  is  shown  in  Figure  14.) 

This  spurious  appearance  of  a  supraclinoid  carotid  occlusion  may  be  detected 
by  the  persistence  of  contrast  substance  in  the  carotid  artery  during  all  ex- 
posures in  a  serial  study,  and  usually  by  the  lack  of  visualization  of  the  ophthal- 
mic, anterior  choroidal  or  posterior  communicating  arteries.  Neither  of  these 
findings  are  absolute.  Persistence  of  contrast  media  in  the  carotid  throughout 
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all  phases  of  the  study  may  be  seen  in  patients  who  are  hypotensive  of  who 
have  acutely  increased  intracranial  ])ressui'e  Isee  below).  Figure  13  is  an 
example  of  a  faulty  injection  which  lesulted  in  opacification  of  the  posterior 
communicating^  and  posterior  cerebral  arteries.  For  ade(|uate  diagnosis  the 
tilms  must  include  \-isualization  of  the  needle  in  the  neck.  Only  by  this  means 


Fig.  6.  Suinaclinoid  carotid  occlusion.  The  oi)lithaliiiic  and  anterior  clioroidal  arteries 
are  visualized.  Contrast  substance  was  not  seen  in  the  carotid  three  .seconds  after  injection. 

will  the  faulty  injection  be  detected  and  complete  interjiretation  of  the  arterio- 
gram allowed. 

Other  Causes  for  Diagnostic  Difficulties:  The  occurrence  of  arterial  "spasm" 
following  an  acute  rupture  of  an  intracranial  aneurysm  has  been  adequately 
ilocumented  (5).  Such  "spasm"  may  occur  at  the  supraclinoid  jiortion  of  the 
internal  carotid  artery,  as  in  Figure  15,  and  if  severe  enough,  may  not  allow 
visualization  of  the  aneurysm  or  of  the  anterior  and  middle  cerebral  arteries. 
These  findings  may  readily  be  confused  with  a  true  supraclinoid  carotid  occlu- 
sion, and  only  the  clinical  history,  lumbar  puncture  and  repeat  arteriography 
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Fig.  7.  Supraclinoid  carotid  occlusion.  The  ophthalmic,  posterior  communicating  and 
posterior  cerebral  arteries  are  visualized. 


Fig.  8.  Supraclinoid  carotid  occlusion.  The  ophthalmic,  posterior  communicating  and 
anterior  choroidal  arteries  are  visualized.  Contrast  substance  was  not  seen  in  the  carotid 
three  seconds  after  injection. 
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Fig.  9.  (Tup)  Siiiirai  liiKud  caniiiil  occhisidu .  Tlio  posterior  communicating,  distal  portion 
of  the  basilar  and  Ijoth  posterior  cerclir.-d  arti  in  s  are  visualized.  Contrast  substance  was  not 
seen  in  the  carotid  throe  seconds  after  inject kju. 

Fig.  10.  (Bottom)  S.ihk  injection  as  in  Fig.  9,  but  exposure  obtained  two  seconds  later. 
Retrograde  vi.sualization  <,i  branches  of  both  the  anterior  and  middle  cerebral  arteries  can  be 
seen.  The  opacification  in  tlic  anterior  cranial  fos.sa  represents  an  extracranial  ves.*el. 
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will  allow  till'  propiT  diagnosis.  Some  authors  (6)  have  suggested  that  abrupt 
blockage  of  flow  at  the  sui)rarliiioid  portion  of  the  internal  carotid  artery  is 
e\-idence  for  "spasm"  even  without  intracranial  hemorrhage. 


Flo.  11.  (Left)  Common  raiotul  ailcriogram  slui\v>  an  (  xl  i  a  luinnial  nijcclion  which  mimics 
supiaclinoid  obstruction  of  the  carotid.  There  is  no  opacilica)  ion  of  the  oi)hthahnic,  anterior 
choroiilal  and  jiostei'ior  communicating  arterie.'*.  and  the  contrast  substance  persisted  in  the 
internal  carotid  artery  for  at  least  seven  seconds. 

Fic.  12.  1  HiKht )  Common  caiotid  arterioiiram  shows  an  extrahnninal  injection  which  might 
be  confused  with  an  nccbision  of  the  su] nachnoid  portion  of  the  internal  carotid.  In  addition 
to  the  featuii's  descril)ed  for  Fig.  11,  the  fauUy  injection  in  the  neck  is  shown.  The  anterior  and 
middle  cerchral  arteries  were  opacified  when  the  study  was  repeated  following  re-insertion 
of  the  needle. 

Nonvisualization  of  the  middle  and  anterior  cerebral  arteries  during  angiog- 
raphy of  patients  with  acute  intracranial  hypertension  may  also  be  mis- 
diagnosed as  an  occlusion  of  the  supraclinoid  portion  of  the  carotid.  Repeat 
angiography  following  reduction  of  intracranial  pressure  may  be  necessary 
for  diagnosis  (7) . 

A  middle  cerebral  artery  occlusion  in  a  jxiticnt  with  an  anomalous  circle 
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of  Willis,  in  which  both  anterior  cerebral  arteries  are  derived  from  tlio 
countralateral  carotid  artery,  will  also  mimic  a  supraclinoid  cai-olid  occlusion. 
The  denionstiation  of  collateral  circulation  from  the  posteiioi'  (o  anterior 
cerebral  arteries  may  be  necessary  for  an  absolute  diagnosis  of  comph'te  occhi- 
sion  of  the  supi'aclinoid  portion  of  the  internal  carotid  artery. 


Fig.  13.  Common  carotid  arteriogram  ^ho\\>  a  partial  extraluminal  injection  witii  ajiparent 
cessation  of  flow  of  contrast  substance  at  the  supraclinoid  portion  of  the  internal  carotid 
artery.  The  posterior  communicating  and  posterior  cerebral  arteries  are  visualized.  Contrast 
media  remained  in  the  carotid  for  at  least  seven  seconds.  The  anterior  and  middle  cerebral 
arteries  were  shown  by  another  injection. 


A  differential  diagnosis  of  the  angiographic  features  of  occlusion  of  the 
supraclinoid  portion  of  the  internal  carotid  artery  has  been  presented.  A  definite 
diagnosis  of  supraclinoid  carotid  obstruction  requires  the  passage  of  contrast 
medium  from  the  carotid  in  a  few  seconds,  and  an  intracranial  arterial  "runoff" 
(the  ophthalmic,  posterior  communicating — posterior  cerebral  or  anterior 
choroidal  arteries).  The  injection  of  contrast  substance  in  the  neck  must  be 
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Fig.  14.  Common  carotid  arteri- 
ogram .shows  severe  stenosis  of  the 
origin  of  the  internal  carotid  artery 
and  no  flow  of  contrast  beyond  its 
<uiirai-lin(ii(l  portion.  (The  patency 
111'  thi'  -upiaclinoid  portion  was  not 
liro\  en  ui  this  case.) 


Fig.  15.  Common  carotid  arteri- 
ogram shows  localized  "spasm"  at 
the  supraclinoid  portion  of  the  ca- 
rotid artery  and  an  aneurysm  aris- 
ing from  the  first  portion  of  the 
anterior  cerebral  artery. 
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clearly  int I'alinninal.  The  (Iciiioiistfation  of  cdllatd'al  cii'culat ion  is  also  of 
diagnostic  valiu'. 
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The  Aiitejmrtiiiii  Dia«j;ii<)sis  of  Osteogenesis  Imperfecta 
Congenita:  A  Report  of  Two  Cases 
Recognized  in  Utero 

ELI,I<3T  I.  GREENBERG,  M.D.,  and  DAVID  FAEGENBURG,  M.D. 
Ncic  York,  N.Y. 

Full-l)k)\vn  osteogenesis  imperfecta  in  the  newborn  infant  is  uncommon.  Potter 
1 1  I  rejjorted  one  case  in  60.000  births,  Posner  and  Goldman  (2)  one  in  40,000 
and  Freda  et  al.  (3)  one  in  21,000.  In  this  congenital  form  of  the  disease,  in 
contradistinction  to  osteogenesis  imperfecta  tarda,  advanced  skeletal  abnor- 
malities are  present  at  birth.  Consequently,  the  condition  may  be  recognized 
readily  on  roentgenograms  of  the  maternal  abdomen  and  pelvis  made  during 
the  thii'd  trimester  of  pregnancy.  The  desirability  of  an  antepartum  diagnosis 
is  of  more  than  academic  interest.  The  fetus,  in  this  disease,  has  almost  always 
suffered  multiple  fractures  prior  to  the  onset  of  labor.  Armed  with  the  awareness 
that  an  unusually  fragile  fetus  is  present,  the  obstetrician  may  modify  the 
method  of  delivery  to  minimize  additional  trauma.  Extreme  gentleness  is  also 
required  in  resuscitation.  Since  a  superficial  examination  of  the  infant  may 
not  suggest  osteogenesis  imperfecta  to  the  pediatrician,  a  prenatal  diagnosis 
may  be  a  major  factor  in  maintaining  viability.  The  majority  of  these  infants 
die  within  a  few  days  despite  expert  and  gentle  care.  To  those  babies  who 
survive  the  immediate  newborn  period,  some  hope  is  afforded  by  new  tech- 
niques of  realignment  and  intramedullary  fixation  of  fractures  (4). 

A  review  of  the  obstetrical  literature  in  the  past  decade  has  uncovered  a 
number  of  thorough  discussions  of  the  in  utero  diagnosis  of  osteogenesis 
imperfecta  (2,  5,  6.  7 ) .  Only  two  such  articles  were  found  in  tlie  radiologic 
literature,  both  by  British  authors  (8,  9j.  It  was  felt  that  a  re-emphasis  of  this 
rare  but  important  entity  might  be  of  value. 

P.\THOLOGY 

It  has  long  been  maintained  that  osteogenesis  imperfecta  is  the  result  of 
a  deficiency  both  in  enchondral  and  periosteal  bone  production.  As  pointed 
out  by  Rubin  in  his  reclassification  of  bone  dysplasias,  deficiencies  in  two 
distinct  areas  rarely,  if  ever,  occur  in  a  single  disease  (10).  According  to  Rubin, 
osteogenesis  imperfecta  is  a  pure  diaphyseal  dysplasia  and  the  pathologic 
changes  are  solely  the  result  of  deficient  periosteal  bone  formation.  Thus,  the 
cortex  of  the  bone  is  extraordinarily  thin.  These  thin  cortices  fracture  with 
minimal  trauma.  The  marked  deformities  of  osteogenesis  imperfecta  are  the 
result  of  an  incessant  cycle  of  fracture  and  healing  occurring  in  utero  and 
throughout  the  period  of  infancy.  Callus  formation  is  normal  and  non-union 

From  the  Department  of  Radiology  of  The  Mount  Sinai  Hospital,  New  York,  N.  Y.,  and 
the  Greenpoint  Service.?  Unit  of  The  Mount  Sinai  Ho.spital,  Brooklyn,  X.  Y. 
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rarely  occiii's.  Since  the  t'uiulaiiieiital  deficiency  is  in  the  iierio.-teinii,  the 
ei)ii)hys(\s  and  oartilafj;enous  ai'eas  ari'  intrinsically  normal. 

The  serum  calcium  and  phosphorus  levels  are  unaltered.  Alkaline  phos|)hatase 
values  are  elevated  transiently  durinu;  fracture  liealin<^,  hut  invariably  I'etui'ii 
to  noi'inal. 

GENETICS 

The  genetic  transmission  of  osteogenesis  imperfecta  is  not  fully  understood 
at  present.  There  is  general  agreement  that  the  tarda  form  is  transmitted  by  an 
autosomal  dominant  gene.  Transmission  in  osteogenesis  imperfecta  congenita 
is  less  amenable  to  study,  since  patients  with  this  form  of  the  disease  have  not 
been  known  to  repi'oduce.  Some  authorities  state  that  the  disease  is  transmitted 
by  a  recessive  gene  while  others  report  it  is  the  result  of  spontaneous  mutation. 
In  only  about  one-quarter  of  cases  of  the  congenita  type  is  there  a  family 
history  of  the  stigmata  of  either  form  of  the  disease  (3,  11).  Since  these  stigmata 
may  be  so  mild  as  to  be  oveidooked  and  since  three-quarters  of  cases  have  a 
negative  family  history,  it  is  rarely  possible  to  anticipate  the  disease  prior 
to  birth. 

ROEXTGEX  FINDINGS 

An  antenatal  diagnosis  may  be  established  from  i)elvimetry  studies, 
placentography  or  any  roentgenograms  in  which  part  or  all  of  the  fetus  is 
visualized.  All  reported  cases  have  been  examined  late  in  pregnancy,  usually 
at  thirty-four  weeks  or  beyond.  There  is  no  information  on  the  earliest  date  at 
which  a  diagnosis  is  feasible.  Legitimate  indications  for  a  pelvimetry  are 
frequently  present.  These  include  a  positive  family  history,  polyhydramnios, 
breech  presentation  and  fetal  distress.  In  some  instances,  the  soft,  compressible 
fetal  skull  is  mistaken  for  the  breech.  The  fetus  may  appear  unusually  small  by 
palpation.  In  one  of  our  cases,  the  patient  experienced  severe  hemorrhage 
as  the  result  of  premature  placental  separation  and  secondary  hypofibrino- 
genemia.  There  is  no  reason  to  believe  that  this  complication  was  related  to 
the  abnormal  fetus. 

The  roentgen  findings  are  characteristic.  The  fetus  appears  smaller  than 
normal  and  frequently  has  assumed  the  so  called  "Buddha"  attitude  (6).  The 
bony  structures  are  markedly  demineralized.  The  calvarium  may  be  barely 
discernible;  in  contrast,  the  petrous  bones  are  relatively  well  mineralized 
and  are  readily  identified.  The  tubular  bones  are  demineralized,  shortened  and 
show  numerous  angulations.  In  severe  cases,  the  long  bones  are  pleated  in 
accordion-like  fashion.  The  shafts  of  the  tuljular  bones  are  usually  widened 
and  show  loss  of  normal  diaphyseal  constriction.  The  ribs  show  changes  identical 
to  those  seen  in  the  long  bones.  Occasionally,  the  fetal  skeleton  seems  studded 
with  small  densities.  These  represent  areas  of  exuberant  callus  formation.  When 
visible,  the  epiphyseal  centers  appear  nonrial. 
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In  08teoji;t'n('sis  iinijcrt'ccta  tarda,  the  fetal  skeleton  is  normal  in  appc^arance 
and  a  prenatal  diagnosis  is  not  i'easihk'. 

DIFFERENTIAL  DIAGNOSIS 

The  antenatal  diagnosis  of  osteogenesis  imperfecta  congenita  is  not  diffi- 
cult. The  commonest  cause  of  a  pooi  ly  visualized  skeleton  is  fetal  movement. 
Consequently,  a  I'epeat  abdominal  roentgenogram  should  he  made  in  douhtful 


Case  1,  Fig.  1.  Anteroposterior  view  of  abdomen.  Fetal  spine  (black  arrow)  barely  d\s- 
cernible.  Fetal  head  (white  arrows)  seen  as  soft  tissue  shadow  only.  Small  parts  not  visible. 

cases.  Hypophosphatasia  has  not,  to  our  knowledge,  been  diagnosed  in  utero. 
In  this  condition,  marked  demineralization  of  the  skull  and  skeleton  is  present. 
However,  widening  of  tubular  bones  and  multiple  skeletal  fractures  are  not 
present.  The  epiphyseal  areas  are  most  severely  affected,  exhibiting  advanced 
rachitic  changes.  Chondrodystrophy  and  achondroplasia,  while  superficially 
similar,  are  distinguished  by  their  normal  bone  density.  In  cleidocranial 
dysostosis,  the  skull  is  very  translucent;  however,  the  spine  and  long  bones  are 
normal.  The  anencephalic  fetus  has  normal  mineralization  and  a  small,  dense, 
triangular  .skull.  Hydrocephalus,  ectromelia,  phocomelia  and  fetal  death  bear 
no  resemblance  to  osteogenesis  imperfecta. 
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CASE  REPORTS 

Case  1.  Tliis  32  year  old  female,  gravida  IV  para  II,  Ah  1,  was  admitted  to 
the  hospital  in  her  thirty-sixth  week  of  pregnaney,  leakiiiij;  fluid  and  having 
irregular  contractions.  Her  jji'enatal  coui'se  had  been  cdiiiplicntcd  by  mild 
anemia,  excessive  \vei<j;ht.  <2;ain  and  pi'etibial  edema. 


Case  1,  Fig.  2.  Roentgenogram  of  fetus.  Calvarinm  virtually  uncalcified.  Tubular  bones 
short,  wide  and  angiilatod.  Cortice.s  extremely  thin. 

There  was  no  history  of  skeletal  disease  in  the  patient's  family  or  in  that 
of  her  husband.  Two  children  were  normal. 

Physical  examination  revealed  a  blood  pressure  of  130/90  and  minimal  leg 
edema.  The  uterus  was  of  term  size  and  was  tense  and  irritable.  Fetal  heart 
tones  were  heard  in  the  right  lower  abdomen  at  a  regular  rate  of  140  per 
minute.  On  vaginal  examination  the  cervix  was  not  effaced.  No  presenting 
part  could  be  palpated.  An  anteroposterior  roentgenogram  of  the  abdomen  was 
obtained  to  evaluate  fetal  position. 

Roentgen  findings:  The  uterus  was  enlarged  to  the  level  of  the  first  lumbar 
vertebra.  The  fetal  skeleton  was  markedly  demineralized.  The  fetal  spine  was 
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faintly  visible  just  to  the  right  of  the  maternal  vertebral  column.  The  calvarium 
was  represented  by  a  soft  tissue  density  overlying  the  maternal  sacrum.  The 
diagnosis  of  osteogenesis  imperfecta  was  suggested.  Because  the  extremities 
were  not  visible,  it  was  felt  that  hypophosphatasia  could  not  be  excluded. 

Immediately  upon  her  return  from  the  Radiology  Department,  the  patient 
passed  ai^proximately  200  cc  of  blood  per  vaginam.  Six  hours  later  hematcmesis 
and  hematuiia  occurred.  The  serum  fibrinogen  level  was  165  nig  [ler  100  cc.  It 


Case  2.  Fic  3.  I'dv  imriiv,  lateral  view.  Breech  iirescntaiioii.  Fetal  .skeleton  extremely 
demincializi'd.  Prtions  lioiii^s  (arrow)  relatively  well  luinci.ilizrd. 

was  felt  that  the  i)atient  was  suffering  from  hypoiibrinogenemia  secondary  to 
abruptio  placenta.  Because  of  these  findings  and  the  knowledge  of  an  abnormal 
fetus,  the  patient  was  prepared  for  cesarean  section  with  the  administration 
of  500  cc  of  fresh  whole  blood  and  4  Gm  of  fibrinogen.  A  live  female  infant, 
weighing  4  lb.  6  oz.,  was  delivered  by  low  cervical  transverse  cesarean  section. 
The  infant  had  the  typical  clinical  and  roentgen  features  of  osteogenesis 
imperfecta.  In  addition,  a  harsh,  grade  IV  apical  systolic  murmur  was  present. 
Six  hours  later  the  infant  died.  Post  mortem  examination  confirmed  the  pres- 
ence of  osteogenesis  imperfecta.  A  membranous  ventricular  septal  defect  was 
also  present. 
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Caxe  2.  This  22  year  olil  I'cmalc,  <^ra\-iila  I\'  pai'a  III  \va.-  ailiiiitlcd  to  tlic 
li()s|)ital  in  early  labor. 

Th(>  family  history  was  negative  for  skeletal  disease.  Three  eliildren  were 
normal. 

On  physical  examination,  the  breech  was  paljjable  as  the  presenting  part. 
Because  of  the  breech  j^-esentation,  x-ray  pelvimetry  was  obtained. 


Case  2,  Fig.  4.  Roentgenogram  of  fetus.  Note  similarity  to  Case  1,  Fig.  2.  Multiple  liealing 
fractures  are  present. 

Roentgen  findings:  Despite  marked  skeletal  demineralization,  the  breech 
was  faintly  visible  in  the  maternal  pelvis.  The  fetal  extremities  were  shortened 
and  angulated  and  the  tubular  bones  appeared  unusually  wide.  While  the 
external  contour  of  the  skidl  was  l)arely  visible,  the  petrous  bones  were  rela- 
tively dense  and  were  easily  seen  in  the  upper  abdomen. 

A  6  lb.  10  oz.  female  infant  was  born  by  spontaneous  breech  delivery.  Clinical 
and  roentgen  findings  were  typical  of  osteogenesis  imperfecta.  At  the  time  of 
preparation  of  this  manuscript,  the  infant,  though  deformed  and  feeble,  was 
still  alive. 
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SUMMARY 

Two  cases  are  reported  of  osteogenesis  imperfecta  congenita  diagnosed  in 
utcro.  In  eacli  case,  the  diagnosis  was  based  primarily  on  extreme  demineraliza- 
tion  of  the  fetal  skeleton.  Associated  findings  are  shortening,  widening  and 
angulation  of  the  long  bones,  relative  radiodensity  of  the  i)etrous  bones  and  a 
normal  appearance  of  the  epiphyses.  Modern  pediatric  and  orthopedic  manage- 
ment of  this  disease  has  increased  the  neonatal  salvage  and  improved  the 
vdtimate  i)rognosis.  A  prenatal  diagnosis  may  be  of  great  importance  in  the 
delivery  of  a  viable  infant  and  the  institution  of  safe  resuscitation.  The  great 
majority  of  cases  presumably  are  the  result  of  spontaneous  mutation  and 
cannot  be  anticii)ate(l  on  genetic  grounds. 
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Pcrfofation  or  ru])tuix'  of  tlic  stoinacli  during  the  first  month  of  life  has  been 
observed  with  increasing  freciueney  since  the  original  desci'ijjtion  of  this  entity 
in  182G  by  A.  E.  von  Siebold  (Ij.  He  described  a  premature  infant  who  died  on 
the  second  day  of  life ;  at  autopsy,  a  perforation  within  an  area  of  gangrene  on  the 
lesser  curvature  of  the  stomach  was  found. 

A  review  of  the  literature  has  disclosed  159  cases  of  gastric  perforation  in  the 
neonatal  period.  103  wei'e  operated  uiwn  and  38  survived.  In  the  nonoperated 
group  of  56  patients  there  was  only  one  survivor  (Table  Ij.  In  1929  Stern 
et  al.  attempted  surgical  repair  of  a  gastric  perforation  in  a  newborn  (2).  The 
infant  died  because  of  I'eperforation  which  occurred  in  the  immediate  postopera- 
tive period.  In  1950  Leger  and  his  associates  reported  the  first  successful  surgical 
treatment  of  a  ruptured  stomach  in  a  full-term  newborn  (3).  Two  years  later 
Beattie  and  Bohan  reported  the  first  premature  baby  who  survived  the  opera- 
tion (4). 

This  communication  deals  with  an  analysis  of  the  literature  on  gastric  per- 
foration during  neonatal  life,  including  three  case  reports: 

1.  A  case  of  gastric  perforation  which  was  diagnosed  and  treated  promptly. 

2.  A  case  of  pneumoperitoneum;  the  site  of  perforation  was  not  found  at 
operation. 

3.  A  case  of  seromuscular  tear  of  the  stomach  wall  with  herniation  of  the  mu- 
cosa and  impending  rupture. 

All  three  infants  survived. 

INCIDENCE 

Among  1000  necropsies  of  newborns  in  the  Maternity  Clinic  of  Havana  (1944- 
1955)  there  were  two  neonates  with  perforation  of  the  stomach  (5).  1778  autop- 
sies in  infants  of  two  months  or  less  were  performed  at  the  Institute  of  Pathology 
of  the  University  of  Tennessee  (1953-1958)  and  neonatal  gastric  perforation 
was  found  in  4  instances,  an  incidence  of  1 :444  or  0.25  per  cent  (6) . 

In  the  last  decade  (January  1953-December  1962)  46,977  babies  were  de- 
livered at  The  Mount  Sinai  Hospital.  Autopsies  were  performed  on  685  stillborn 
and  726  infants  who  died  in  the  neonatal  period.  There  was  no  case  of  gastric 
perfoi'ation  in  the  autopsy  records. 

PREN.A.TAL  F.\CTOR.>-; 

Minor  and  major  complications  of  i)regnancy  were  recorded  in  less  than 
one-third  of  the  cases.  Toxemia  (mild  to  severe),  abruptio  placentae,  syphilis 
(treated  or  active),  chronic  nephritis,  rheumatic  heart  disease,  emergency 

From  the  Department  of  Surgery,  Tlie  Mount  Sinai  Hosijital,  New  York,  N.  Y. 
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cesarean  section,  breech  extraction,  face  presentation,  (lifficult  low  forccpy,  and 
polyhydramnios  were  recorded.  In  13  instances  tlu'  infant  was  one  of  twins. 

Table  II  shows  tlu-  I'acial  distribution;  this  includivs  14  presumably  white 
babies  born  in  European  countries;  5  infants  were  born  in  hospitals  with  pre- 
dominantly Negro  populations;  both  groujis  were  classified  under  "not  I'e- 
corded." 

The  sex  (listril)Ution  is  shown  in  Table  III. 

TABLE  I 

Reported  Cases  {1826-1963) 


Total  Number  of  Cases   159 

Nonoperated  Cases   56 

Cases  Treated  Surgically   103 

Number  of  Survivors   39 

Overall  Mortality   75.47% 


TABLE  II 

Racial  Factors 

Negro   62 

White   32 

Yellow   1 

Mestizo   1 

Puerto  Rican   1 

Not  Recorded   62 

159 


TABLE  III 
Sex 

Male   64 

Female   78 

Not  Recorded   17 


159 


MATURITY 

Table  IV  shows  the  distribution  of  premature  and  full-term  infants.  Three 
babies  were  classified  as  prematui'e  on  the  basis  of  tlieir  body  weight  at  auto{)sy. 

To  simplify  the  classification,  infants  with  a  birth  weight  of  2500  grams  or 
more  were  considered  full-tei'm  and  infants  under  2500  grams  were  considered 
premature. 

PATHOGENESIS 

The  various  pathogenetic  factors  are  summarized  in  Table  V. 

Peptic  ulcer:  Until  1943  acute  or  chronic  peptic  ulcer  was  thought  to  be  the 
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basic  disease  which  ultimately  led  to  peri'oi'ation  (2-20,  31,  48).  Ilowevei-,  histo- 
logical i)roof  of  peptic  ulcer  was  recoi'ded  oidy  in  a  few  cases.  In  the  reniaindef  of 
the  cases  there  was  only  ])resuuipti\-e  evidence  of  acute  or  chronic  ulceration. 

"Congenital  imisciitdr  dcjickucif  of  the  j!;astric  wall  was  recorded  in  35  cases 
(6,  21-41,  72,  82).  In  22  cases,  there  was  histok)<2;ical  evidence  of  ])artial  or 
complete  absence  of  muscle  fibers  on  sections  of  the  wall  of  the  stomach  ad- 
jacent to  or  at  a  distance  from  the  site  of  perforation.  In  the  remaining  13  cases, 


TABLE  IV 
Maturity 


Premature   G6 

Full-term   53 

Weight  Not  Recorded   40 


159 


TABLE  V 

Presumed  Pathogenetic  Factors 


Peptic  Ulcer  (Acute  or  Chronic) 
"Congenital  Muscle  Defect".  .  . 

Rupture  of  Diverticulum  

Distal  Obstruction  

Tube  Trauma  

Pneumatic  Pressure  

Septicemia  

Phlegmon  of  Stomach  

Neurogenic  

Ano.\ia  

Birth  Trauma  

Volvulus  of  Herniated  Stomach  . 
Cause  Unknown  


No.  of  Cases 


33 
35 
4 
15 
12 
6 
5 
1 
2 
2 
1 
1 
53 

170* 


*  More  than  one  factor  was  considered  to  be  the  cause  in  some  of  the  eases. 


thinning  of  the  stomach  around  the  site  of  perforation  or  in  multiple  areas  of  the 
wall  of  the  stomach  was  considered  presumptive  evidence  of  ''muscle  defect." 
This  gross  finding  was  recorded  either  at  the  time  of  operation  or  at  autopsy. 
Full-thickness  biopsies  of  the  gastric  wall  at  the  site  of  perforation  were  taken 
in  very  few  instances. 

Gastric  diverticuUi :  Four  ruptured  diverticula  were  found,  all  of  them  lo- 
calized on  the  greater  curvature  aspect  of  the  fundus  close  to  the  cardia.  Because 
of  histological  absence  of  the  muscular  layer  in  the  diverticular  wall,  3  of  these 
cases  (31,  42,  43)  were  thought  to  be  the  result  of  a  "congenitally  defective" 
muscular  coat  in  the  region  of  the  diverticulum.  In  the  fourth  case  (44)  of 
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nipturi'd  (liverticuluni,  all  gastric  layers  around  tlic  site  of  jjerforation  were  in- 
tact. 

Distdl  t)bstnuiii>n  due  to  atresia  of  the  ])ylorus  or  duodenum  was  recorded  in 
4  cases  (5,  22, 42,  69) ;  congenital  stenosis  at  various  levels  of  the  gastrointestinal 
tract  was  found  in  11  instances  (5,  9,  11,  13,  15,  45-48,  741.  In  both  types  of 
obstruction  jiroximal  dilatation,  including  the  stomach,  was  considered  a  factor 
contributing  to  the  gastric  perforation. 

Tube  trauma:  Perfoi'ation  of  the  stomach  due  to  trauma  by  nasogastric  tube 
was  proved  in  2  instances  (31,  50)  and  was  presumed  to  be  the  cause  in  10 
cases  (6,  25,  31,  35,  47,  49,  50,  66 1.  Nasogasti'ic  intubation  with  a  soft  rubber 
tube  or  polyethylene  tube  was  carried  out  for  aspii-ation  oi'  gavage  feedings  in 
42  cases;  in  the  majority  of  operated  cases,  a  nasogastric  tube  was  used  as  a 
preoperative  or  postoperative  measure.  A  case  of  perforation  of  the  stomach 
caused  by  tube  trauma  was  desci'ibed  by  McLaughlin  (50).  "An  infant  under- 
went repair  of  a  tracheo-esophageal  fistula  on  the  4th  day  of  life;  a  polyethylene 
catheter  was  passed  through  the  site  of  anastomosis  and  carefully  positioned  in 
the  cardia  of  the  stomach.  On  the  4th  postoperative  day,  the  polyethylene  cath- 
eter was  seen  emerging  through  the  mnbilicus.  Iodized  oil  was  given  and  was  seen, 
radiographically,  outside  of  the  gastric  pouch."  Because  of  the  satisfactory 
clinical  condition  of  the  child,  operative  intervention  was  not  carried  out  and 
the  infant  survived. 

Potter  described  a  case  in  which  accidental  introduction  of  a  tracheal  catheter 
into  the  esophagus  and  stomach  may  have  been  the  cause  of  perforation  (25). 

Pneumatic  pressure  produced  by  mechanical  resuscitation  (E  &  J  machine) 
and  tight-fitting  oxygen  mask,  leading  to  overdistention  and  perforation  of  the 
stomach  was  recorded  in  4  cases  (16,  51).  The  same  mechanism  as  a  possible 
cause  of  perforation  of  the  stomach  was  mentioned  in  2  instances  (51,  52). 

Septicemia,  as  evidenced  by  }iositive  blood  cultures,  was  presumed  to  account 
for  the  perforation  in  5  cases  (31,  53,  54,  78)  ;  in  one  instance  a  phlegmon  of  the 
stomach  was  attributed  to  overwhelming  staphylococcal  infection  (55). 

Neurogenic  factor:  The  association  of  gastric  perforation  with  intracranial 
hemorrhage  was  emphasized  in  2  instances  (56,  57). 

Anoxia  (16,  58),  birth  trauma  (59)  and  volvulus  of  the  herniated  stomach 
(60)  were  presumed  to  be  the  cause  of  i^erforation  in  isolated  cases.  Stress 
ulcer  was  infrequently  referred  to  as  a  possible  etiologic  factor.  Systemic  mu- 
cormycosis (40)  was  the  cause  of  perforation  in  one  case  not  included  in  this 
series;  it  is  thought  that  invasion  of  the  stomach  wall  l)y  Mucoraceae  may  lead 
to  local  infarction,  ulceration  and  perforation. 

The  cause  was  unknown,  in  53  cases  of  gastric  perforation  ( 16,  24,  25,  31,  35, 
48,  58,  61-83).  Some  of  these  cases  were  previously  classified  "idiopathic"  per- 
foration of  the  stomach. 

CLINICAL  FEATURES 

A  variety  of  symptoms  and  signs  have  been  recorded.  However,  certain  signs 
appear  with  great  constancy.  With  few  exceptions  these  children  appear  normal 
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at  hii'tli.  I'rciiialuiT  iiilants  coiistiliitc  iikh'c  than  hall'  <»!'  tlic  rccoi'dcd  cases, 
rassage  of  meconiuin  and  transitional  stools  occurs  normally.  Absence  of  me- 
conium stools  was  found  in  only  one  case.  The  onset  of  symptoms  occurs  within 
the  first  few  days  of  life  i  I'  i^.  1  ).  Rarely  the  onset  of  the  illness  was  manifested 
after  the  first  week  of  life  One  infant  became  ill  on  the  tliii'tieth  day  of  life. 
Refusal  of  feedings  is  an  early  sign  and  is  usually  followed  by  vomiting  and 
distention  of  the  abdomen. 

In  a  significant  number  of  cases  labored  respirations  and/oi'  cyanosis  preceded 
the  onset  of  abdominal  signs  and  suggested  the  incorrect  diagnosis  of  acute 
pulmonary  or  congenital  heart  disease.  Abdominal  distention  is  the  most  con- 
stant and  predominant  clinical  feature.  The  abdomen  remains  soft  and  tympa- 
nitic. There  was  only  one  instance  in  which  abdominal  rigidity  was  recorded. 


35-1 


I     2     3     4     5    6     7    8     9    10    II     12    13    14    15         20  25  30 
DAY  OF  LIFE 

Fig.  1.  Onset  of  symptoms  confined  mainly  to  first  week  of  life. 


Diminution  or  complete  absence  of  peristaltic  sovmds  was  recorded  in  a  small 
number  of  cases. 
Absence  of  liver  dullness  was  registered  in  4  cases. 

Blood  in  the  vomitus  or  stool  was  a  relatively  frequent  finding.  In  12  babies, 
l)lood  was  noted  in  the  vomitus  and,  in  4  infants,  the  vomitus  was  described  as 
coffee  ground.  In  9  cases,  there  was  gross  evidence  of  blood  in  the  stool  and  thei'e 
were  7  instances  of  melena. 

Erythema  and  edema  of  the  lower  abdominal  wall  was  seen  in  8  cases.  In 
4  instances,  involvement  of  the  external  genitalia  was  observed.  Emphysema  of 
the  lower  abdominal  wall  was  noted  in  2  infants.  In  5  babies  the  veins  of  the 
abdominal  wall  were  prominent.  Rare  findings  include  rliarrhea  (3  cases), 
jaundice  (7  cases),  hepatomegaly  (2  cases)  and  |)ciiumbilical  erythema  (2 
cases) . 

The  temperature  and  blood  studies  were  of  no  diagnostic  \'alue. 
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ROEXTtlE.XOLOCICAL  ASPECT 

The  first  radiographic  (hagnosis  of  spontaneous  ])n('Uiii()p('rit()nt'uin  in  a  new- 
born infant  was  made  by  Assmann  in  1922  (84 1.  He  descril)ed  a  massive  collec- 
tion of  air  around  the  liver,  spleen  and  the  intestine.  At  autopsy  a  perforation 
of  the  (luodcnuiii  was  found. 

The  demonstration  of  free  air,  free  fluid  or  the  combination  of  both  is  simple 

TABLE  VI 

X-ray  Findings  (Operated  Cases) 


Pneumoperitoneum 
Hydiopneumopeiitoneum 
Hydrojierit  oneuin 

Misinterpretation  of  Scout  Film  in  Su- 
pine Position 

X-rays  Negative  for  Perforation 
X-rays  Not  Taken 


71 

20 
2 

Distention    of   large   and  small 

bowel 

<4- 

->B. 

No  pathological  findings 

No  pathological  findings 

Picture  of  small  bowel  obstruction 

4 
2 
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TABLE  VII 

X-ray  Findings  (Nonoperated  Cases) 


No  X-rays  Taken 

30 

Pneumoperitoneum 

16 

1  

No  free  air  seen 

l^^B. 

No  free  air  seen 

Misinterpretation  of  Scout  Film  in  Su-1 

Distention  of  stomach,  small  and 

pine  Position  J 

J  >D. 

large  bowel 

Distention    of    large    and  small 
bowel 

X-rays  Negative  for  Perforation 

2 

No  X-ray  Findings  Recorded 

4 

56 


when  films  are  taken  in  the  upright  position.  Tables  VI  and  YII  show^  the  fre- 
cjuency  with  wdiich  this  diagnostic  tool  was  used. 

In  the  nonoperated  group  x-rays  were  not  taken  in  53.57  per  cent  of  the  cases. 
Seven  infants  died  before  the  diagnostic  significance  of  pneumoperitoneum 
became  appreciated. 

The  presence  of  free  air  or  free  fluid  in  the  peritoneal  cavity  can  be  easily 
missed,  if  the  films  are  taken  in  the  sui)ine  position  only  (Tables  VI  and  VII). 
An  upright  film  constitutes  the  most  essential  part  of  the  roentgen  examination. 
Coutel  and  his  associates  emphasized  the  diagnostic  significance  of  the  absence 
of  the  gastric  bubble  on  scout  films  of  the  abdomen  (29).  This  finding  was  re- 
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|H)i'ti'(l  ill  ")  additional  instances  of  <fastric  |)crl'oi'ati()n.  'Flic  same  authors  state 
tliat  the  gastric  air  bubble  remains  visible  in  cases  of  meconium  peiitotiitis, 
liematogenous  peritonitis  and  intestinal  perforation  other  than  gastric. 

Rare  radiographic  findings  include  subcutaneous  emphysema  in  the  region  of 
the  abdomen  and  in  the  area  of  the  scrotum  (in  2  instances).  In  one  case  (51), 
a  left  diaphragmatic  hernia  containing  a  ruptured  stomach  was  misinterpreted 
as  tension  pneumothorax  involving  the  left  chest. 

USE  OF  CONTRAST  MEDIA 

In  14  cases  a  contrast  material  was  used  as  a  diagnostic  aid  in  an  attempt  to 
exactly  localize  the  site  of  perforation.  Tables  VIII  and  IX  show  the  nature  of  the 
conti'ast  media  used  and  the  contril)ution  of  these  agents  to  precise  roentgen 


TABLE  VIII 

X-ray  Findings  (Use  of  Contrast  Media) 


Substance  Used 

No.  of  Cases 

No.  of  Survivors 

Barium  

8 

0 

Iodized  Oil  

6 

4 

TABLE  IX 
Diagnostic  Aid  from  Use  of  Contrast  Media 


No.  of  Cases 

Exact  Localization  of  Site  of  Perforation  

6 

Appro.ximate  Localization  of  Site  of  Perforation  

3 

Use  of  Dye  Noncontributory  

5 

diagnosis.  The  dye  was  given  either  in  form  of  a  meal  or  injected  through  a 
nasogastric  tube. 

None  of  the  infants  in  whom  barium  was  used  survived.  The  use  of  Lipiodol 
in  the  case  of  Leger  (3),  the  very  first  to  survive  the  operation,  permitted  the 
exact  localization  of  the  site  of  perforation  and  contributed  to  the  survival  of  the 
child. 

SURGICAL  CONSIDERATIONS 

Once  the  diagnosis  of  gastric  perforation  is  suspected  or  established,  explora- 
tory celiotomy  should  be  carried  out  without  any  delay.  Nasogastric  suction 
(gentle  introduction  of  the  tube!)  to  decompress  the  stomach  and  diminish 
leakage  of  gastric  contents  into  the  free  peritoneal  cavity  should  be  instituted. 
Correction  of  the  fluid  and  electrolyte  imbalance  is  an  important  preoperative 
measure  and  must  be  done  without  loss  of  valuable  time.  Occasionally,  para- 
centesis might  help  to  decrease  the  intra-abdominal  pressure  and  relieve,  to  a 
certain  extent,  the  respiratory  distress. 
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Time  interval:  'rahlc  X  shows  the  ri'l;itioiishi|)  hctwc'cn  the  rate  of  survival 
and  the  time  interval  between  onset  of  symptoms  and  operation. 

Extremely  valuable  time  was  lost  in  10  cases  because  the  clinical  diagnosis  of 
intestinal  obstruction  was  entertained  and  radiographical  investigation  and 
ultimate  necessary  treatment  delayed.  In  2  cases  (78)  an  incarcerated  inguinal 
hernia  was  diagnosed.  Urinary  retention  (46),  cerebrospinal  hemorrhage  (29) 
and  intra-abdominal  cyst  (74)  were  suspected  in  each  respective  case. 

After  employment  of  the  roentgen  diagnostic  facilities,  the  preoperative  diag- 
nosis of  perforated  viscus  w'as  made  in  85  cases,  perforated  stomach  in  7  cases  and 

TABLE  X 


Recorded  Time  Interval  Between  Onset  of  Sytnptoiris  and  Operation 


No.  of  Cases 

Average 

Maximum 

Minimum 

Survivors  

21* 
37* 

13fit  hours 
45,1^  hours 

2  days 
13  days 

2  hours 
2  hours 

Nonsurvivors  

*  In  the  remainder  of  cases  the  time  interval  was  not  recorded. 


TABLE  XI 

Preoperative  Diagnoses 


No.  of  Cases 

Perforated  Viscus  

85 

Perforated  Stomach  

7 

Intestinal  Obstruction  

4 

Pyloric  Obstruction  

1 

Peritoniti.s  

1 

Acute  Abdomen  

1 

Mass  in  Left  Flank  

1 

No  Diagnosis  Recorded  

3 

103 

intestinal  obstruction  in  only  5  cases;  acute  abdomen  and  peritonitis  was  sus- 
pected in  2  instances.  On  one  occasion  a  mass  in  the  left  flank  was  diagnosed. 
A  preoperative  diagnosis  was  not  recorded  in  3  cases  (Table  XI). 

Anesthesia:  (See  Table  XII. I  Local  infiltration  anesthesia  was  used  in  20 
cases;  in  one  instance  intercostal  block  was  employed.  A  general  anesthetic 
agent  was  used  in  30  cases.  Vargas  et  al.  (31)  who  reported  8  surgically  treated 
cases  in  1955  suggested  the  use  of  local  infiltration  anesthesia  (0.5  per  cent  ])ro- 
caine)  in  the  acutely  ill  infant,  supplemented  by  sedation  given  with  a  gauze 
nipple  saturated  with  a  1  to  3  mixture  of  brandy  and  10  per  cent  glucose  in 
water.  Amadeo  (37)  also  considers  local  infiltration  anesthesia  as  the  safest 
in  the  acutely  ill  jjremature  infant.  Linkner  and  Benson  (75)  who  reported  a 
series  of  13  surgically  treated  cases  prefer  general  endotracheal  anesthesia.  In 
53  instances  the  type  of  anesthesia  was  not  recorded. 
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Tiipc  of  incision:  'I'alilc  Xlll  shows  the  vai'ious  types  of  incision  employed. 
Linkner  uiid  Benson  (Tf))  used  a  rif^lii  paramedian  and,  less  I'reciuently,  an 
upi)er  midline  incision.  Although  experienced  pediatric  surgeons  can  reach  any 
part  of  the  abdomen  through  a  right  paramedian  incision,  adequate  exposure  of 
the  entire  stomach  and,  |)urticulai'ly,  the  esophauiognst ric  junction  can  })e  pro- 
vided easier  by  an  uppei'  midline  incision.  In  ;}  instances  (22,  38,  62),  the 
original  low  placed  incision  had  to  be  extended  pioximally  to  provide  adequate 

TAllLK  \II 


Type  of  Anesthesia 


No.  of  Cases 

20 

General  

30 

Not  Recorded  

53 

103 

TABLE  XIII 

Type  of  Incision 


No.  of  Cases 

Upper  Al)doiiiinal   

7 

Upper  AbdoiniiKil ,  Midline  

3 

Upper  Abdominal,  Transverse  

6 

Upper  Abdominal,  Subcostal  

1 

Right  Paramedian*  

14 

Left  Paramedian  

2 

Lower  Abdominal,  Midline  

2 

Not  Recorded  

55 

90 

*  In  the  13  cases  of  Linkner  and  Benson  a  right  paramedian  and  less  frequently  an  upper 
midline  incision  was  used. 


exposure  of  tlie  fundus  of  the  stomach  where  the  majority  of  perforations  are 
located. 

Exploration:  Tlic  higli  incidence  of  perforation  in  the  fundic  lialf  of  the 
stomach  and  particularly  the  region  of  the  cardia  is  shown  in  Table  XIV.  A 
predilection  for  tlie  greater  curvature  aspect  of  the  stomach  is  also  demonstrated. 

The  opening  of  the  lesser  sac  and  inspection  of  the  posterior  wall  of  the  stomach 
has  been  emphasized  repeatedly.  Among  8  cases  (5,  9,  13,  14,  18,  53,  75)  in  which 
the  primary  oi-  a  second  perforation  was  overlooked  at  operation,  the  autopsy 
revealed  a  pei'foi'ation  of  the  posterior  wall  in  4  instances  (5,  9,  14,  75). 

Detailed  exploration  of  the  remainder  of  the  gastrointestinal  ti'act  to  rule 
out  distal  obstruction  is  necessary. 

Repair:  After  excision  of  the  necrotic  edges  at  the  site  of  perforation  I  the  size 
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ranged  from  1  luin  to  4.5  ciiil,  the  rei)air  is  cari'icd  out  in  two  laycis;  the  first 
with  a  throutih-an(l-thiX)U<2;h  chroinic  oato;ut  and  tlic  second  hiyer  consisting  of 
inverting  intei'i'upted  seronmscuhir  sutures.  Inadecjuate  closure  of  tlie  site  of 
perforation  may  lead  to  dehiscence  and  reperforation.  Resection  of  a  segment  of 
the  stomach  l)ecause  of  the  size  of  perforation  was  necessary  in  3  instances 
(17,  41,  75).  In  one  case  (75),  the  site  of  perforation  was  sealed  at  the  time  of 
operation  and  repair  was  unnecessary.  Instillation  of  warm  sterile  saline  solu- 
tion into  the  stomach  through  a  nasogastric  tube  to  prove  the  integrity  of  the 
closure  and  detect  other  jierforations  or  distal  obstruction  may  be  desirable. 
Full-thickness  gastric  biopsies  from  the  site  of  perforation,  prior  to  repair,  are 
important  for  diagnostic  and  investigative  documentation. 

Tube  gastrosto)ny :  In  order  to  effectively  decompress  the  stomach  and  prevent 
regurgitation  of  gastrointestinal  contents  and  minimize  the  possibility  of  aspira- 
tion, a  tube  gastrostomy,  Carter-Stannn  type,  may  be  employed.  This  procedure 


TABLE  XIV 
Site  of  Perforation 


No.  of  Cases 

Fundus  

04 

(25  of  these  near  cardia) 

Midportion  

L3 

Antrum   

13 

Pyloric  Region  

9 

Greater  Curvature  

85 

Lesser  Curvature  

26 

Anterior  Wall  

49 

Posterior  Wall  

17 

was  used  only  in  3  instances  (37.  48,  79)  ;  in  2  cases,  the  perforation  was  closed 
around  the  tube,  a  procedure  which  resulted  in  leakage,  peritonitis  and  death 
(37,  79).  In  the  vast  majority  of  cases,  a  nasogastric  tube  was  used  and  proved 
to  l)e  adequate. 

Duodenojejunostomy  for  obstruction  of  duodenum  by  the  superior  mesenteric 
vessels  was  necessary  in  one  case  (48).  A  high  feeding  jejunostomy  was  used  in 
only  one  instance  (11). 

Closure  of  the  abdomen:  In  most  instances  the  abdomen  was  closed  without 
drainage.  Whenever  a  localized  abscess  was  found,  drainage  was  employed. 

Postoperative  care:  Intravenous  fluids  have  been  used  until  oral  feedings  could 
be  instituted.  Nasogastric  suction  w^as  maintained,  usually  from  48  to  72  hours, 
until  peristaltic  activity  was  heard  on  auscvUtation  of  the  abdomen.  Antibiotics 
were  employed  pre-  and  postoperatively. 

MORTALITY  RATE 

The  overall  mortality  was  75.47  per  cent  ( Table  I ) .  With  the  exception  of  one 
survivor,  the  mortality  in  the  nonoperated  group  was  100  per  cent.  Of  the  103 
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surjiiifally  treated  cases,  38  or  36.89  ])er  cent  survived  ('l'al)le  XV).  While  the 
rate  of  prenatal  niatei'nal  coini)lications  was  not  unusually  high,  the  incidence  of 
associated  con<>;enital  anomalies  was  lii<>;hei'  than  one  would  expect.  In  tlu;  hi'oad 
spectrum  of  the  I'ecorded  coiiiienital  anomalies,  tlu'  "gastrointestinal  ti'act  i.s  I'epre- 
sented  with  a  sij^niiicant  number  of  ahnormalitics,  particularly  of  the  atretic 
or  stenotic  variety  (Table  XVI  I.  The  mortality  rate  amonji;  the  operated  pre- 
mature infants  was  higher  than  in  the  gioup  of  matui'e  i)abies  (Table  XV).  The 
survival  rate  of  male  infants  was  smallei'  than  in  their  female  counterparts  of 
the  surgically  treated  group.  Among  the  prematurely  born  children  the  ratio  of 
survival  with  oj^eration  was  one  boy  to  three  girls. 

The  major  cause  of  death  in  the  majority  of  cases  was  generalized  peritonitis. 
Septicemia  may  have  accounted  for  the  death  of  5  children  (31,  53,  54,  78).  In 
one  instance  (55)  a  phlegmon  of  the  stomach  was  considered  part  of  a  gen- 
eralized septic  process.  The  associated  congenital  anomalies  may  to  a  certain 
extent  have  contributed  to  the  mortality  of  these  children. 

TABLE  XV 

Murliili/jj  in  Surgically  Treated  Cases 


Survived  38 


Died 


r.5 


->Premature 

->FuIl-term 

->Weight  not  recorded 

-♦Premature 

-►Full-term 

-^Weight  not  recorded 


15 
14 
9 
31 
17 
17 


CASE  REPORTS 

Case  1.  Baby  Girl  B.  (195876)  was  born  June  10,  1962,  prematurely  at  34  to  35  weeks  of 
gestation  and  weighed  2100  grams  (4  lb.  10  oz.). 

The  mother,  a  healthy  22-ycar-old  Negro  primigia\  ida.  had  had  an  uneventful  pregnancy. 
Her  serologic  test  for  syphilis  was  negative.  The  membranes  ruptin-ed  three  days  before  the 
sjiontaneous  delivery;  she  received  oral  tetracycline  during  the  three  days  prior  to  hospital- 
ization and  upon  admission  to  the  hospital  she  was  given  intramuscular  antibiotics.  The  rectal 
temperature  was  100.8°F.  on  admission. 

After  7  hours  and  15  minutes  of  labor  the  child  was  delivered  as  a  vertex  [iresentation. 
The  infant  breathed  and  cried  immediately  after  delivery.  Suction  was  carried  out  and 
o.xygen  was  administered. 

The  infant  was  taken  to  the  premature  nursery  where  physical  examination  revealed 
acrocyanosis,  grunting  respirations,  and  intercostal  retractions.  A  few  rales  were  heard  over 
the  right  lower  lung  field  posteriorly  and  the  possibility  of  a  neonatal  pneumonia  was 
considered.  The  child  was  placed  in  an  isolette,  oxygen  in  a  concentration  of  34  to  38  per 
cent  was  administered  and  antibiotic  therapy  in  the  form  of  parenteral  neomycin  was  in- 
stituted. 

During  the  first  day  of  life  subsidence  of  the  respiratory  distress  was  noted.  Intramuscular 
penicillin  was  added  to  the  antibiotic  regimen.  Oral  feedings  were  started  approximately  48 
hours  after  birth  and  were  tolerated  well.  Passage  of  meconium  and  transitional  stools  was 
normal.  Slight  icterus  was  noted  on  the  second  day  of  life.  On  the  fifth  day  the  child  became 
listless,  moderately  icteiic  and  refused  feedings.  Progressive  abdominal  distention  and  bilious 
vomiting  persisted  throughout  the  fifth  and  sixth  day  of  life.  Bowel  sounds  were  absent. 
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TABLE  XVI 


Associated  Congenital  Anomalies 


System 


No.  of 

Cases 


Gastrointestinal 

Esophageal  atresia   1 

Pyloric  atresia   1 

Circular  constriction  of  stomach   1 

Duodenal  atresia   3 

Malrotation  of  the  intestine  with  band  constricting  the  duodenum   3 

Congenital  stenosis  of  duodenum   2 

Obstruction  of  duodenum  by  superior  mesenteric  vessels   1 

Meckel's  diverticulum  with  small  adhesive  band   1 

Meconium  ileus   1 

Obstruction  of  ileocecal  valve   3 

Narrowing  of  rectum   1 

Multiple  areas  of  fibrosis  in  stomach,  liver,  pancreas  and  spleen   1 

Genitourinary 

Bilateral  hydronephrosis   1 

Bilateral  hypoplasia  of  kidneys   1 

Multiple  cysts  of  right  kidney   1 

Atresia  of  left  ureter  with  multicystic  kidney   1 

Ureteral  ectasia  without  obstruction   1 

Multiple  abnormalities  of  urethra,  bladder,  ureters  (kidneys  small,  histologically 

defective)   1 

Dilatation  of  the  bladder  reijuiring  cystostomy   1 

Cryptorchidism   1 

Cardiovascular 

Infantile  coarctation  of  the  aorta  with  cardiomegaly   1 

Respiratory 

Severe  atelectasis  of  both  lungs   1 

Tracheo-esophageal  fistula   1 

Central  Nervous  System 

Intracranial  hemorrhage   3 

Internal  hydrocephalus   1 

Spina  bifida  with  myelocele   1 

Spina  bifida  with  meningocele   1 

Arches  and  Face 

Hare  lip,  cleft  palate   1 

Musculoskeletal 

Diaphragmatic  hernia   2 


Skin 

Multiple  hemangiomata  of  skin  with  areas  of  hypcrpigmentation 


1 


Miscellaneous 

Mongolism  

Mongoloid  appearance  

Microophthalmia  with  congenital  toxoplasmosis 

Omphalocele,  ruptured  

Gangrene  of  left  foot  


1 

2 
1 
1 
1 
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Introduction  of  a  nasogastric  polyol liylcno  tube  yiddi'd  ,i  small  amount  of  grcenisii  mucoid 
material.  Oral  feedings  were  discontinued  and  I  lie  clidd  was  given  intravenous  fluids  and 
Chloromycetin.  A  small  amount  of  blood,  passed  per  rectum,  was  attributed  to  an  anal 
fissure.  In  the  morning  of  the  sixth  day  x-rays  of  the  abdomen  in  sui)ine  position  revealed  a 
diminution  of  the  normally  seen  intestinal  gas  pattcnn  (Fig.  2).  In  the  afternoon  of  the  same 
day  the  child  was  seen  in  consultation  by  the  pediatric  surgical  service.  The  most  significant 
findings  were  confined  to  the  abdomen,  which  was  soft  but  moderately  distended.  Bowel 
sounds  were  absent.  An  intestinal  obstruction  was  suspected  and  fui-tlior  x-ray  studies  were 


Fic.  2.  (Left)  Plain  film  of  the  alxlomen  in  supine  ]30sition,  re\-ealing  a  diminisiied  intesti- 
nal gas  pattern.  An  air  shadow  ii\ ci  the  midepigastrium,  suggesting  free  air  in  tlie  jieritoneal 
(■a\-ity,  can  be  recognized  with  diliiculi >•. 

Fig.  3.  (Right)  Upper  gast  lointestinal  study  with  diatrizoate  methylglucamine.  showing  the 
perforation  of  the  fumhi-  (if  the  stomach.  Note  the  nasogastric  tube  in  the  esophagus  and  the 
free  air  under  the  diapliragnis. 

done.  Multiple  films  of  the  abdomen  were  taken  in  prone,  supine  and  upright  positions  fol- 
lowing injection  of  Gastrografin  (diatrizoate  methylglucamine)  through  a  nasogastric  tube. 
.V  perforation  in  the  fundus  of  the  stomach  with  tracking  of  the  contrast  material  down  the 
left  lateral  gutter  in  the  free  peritoneal  cavity  was  demonstrated  radiographically.  Free  air 
under  both  diaphragms  was  noted  (Fig.  3).  Re-examination  of  the  pre\'iously  taken  scout 
films  in  supine  position  showed  that  free  air  could  be  recognized  with  some  difficulty  on  the.se 
films  (Fig.  2). 

Abdominal  exploration  under  local  anesthesia  (Xylocaine  0.5  per  cent)  through  a  midline 
ujiper  abdominal  incision  revealed  a  moderate  amount  of  gas  and  greenish  (biliary)  material 
in  the  free  peritoneal  cavity.  There  w^as  evidence  of  generalized  peritonitis.  In  the  region  of 
the  anterior  w^all  of  the  fundus  of  the  stomach  on  the  greater  cur\-atin-e  side  a  perforation  was 
found  measuring  approximately  1.5  cm  in  length.  Surrounding  this  perforation  was  an  ellijiti- 
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cal  seromuscular  defect  of  approximately  5  cm  in  length  and  2  cm  in  widtli.  A  biopsy  was 
taken  from  the  edge  of  the  site  of  perforation. 

The  perforation  was  closed  with  a  continuous  chromic  catgut  suture.  The  seromuscular 
layer  was  then  reaiiproximated  with  interrupted  silk  sutures  (Fig.  4).  A  Carter-Stamm  type 
tube  gastrostomy  was  constructed  and  the  abdomt^n  closed  using  stainless  steel  wire  for  the 
peritoneum  and  fascia,  and  silk  for  the  skin. 

The  child  tolerated  the  procedure  very  well. 


OPERATIVE  FINDNGS  B  MODE  OF  REPAIR 


Fig.  4.  Anterior  view  of  the  stomach,  showing  site  of  perforation  and  mode  of  repair. 

The  postoperative  course  was  characterized  by  intermittent  vomiting,  abdominal  dis- 
tention and  diarrhea.  Repeated  Gastrografin  and  barium  studies  of  the  gastrointestinal  tract 
failed  to  reveal  any  intrinsic  or  extrinsic  abnormality.  On  the  thirteenth  postoperative  day, 
E.  coli  (type  0119B14)  was  cultured  from  the  stool.  Neomycin  50  mg  per  kg  body  weight  per 
day  was  given  via  the  gastrostomy  tube.  On  the  nineteenth  postoperative  day,  a  marked  drop 
of  the  hemoglobin  down  to  5.4  Gm%  was  noted  and  multiple  whole  blood  transfusions  were 
given  to  restore  the  blood  volume  to  normal  levels. 

A  slow  but  progressive  improvement  of  the  child's  condition  followed.  The  diarrhea  sub- 
sided and  the  stool  cultures  became  negative  for  enteropathogenic  organisms.  The  baby 
gained  weight  gradually  and  left  the  hospital  on  the  thirty-first  postoperative  day  with  a 
weight  of  2400  grams. 
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Fig.  5.  Low-power  photomicrugiapli  ul'  the  hiojisy  siiicuncu  taken  lioiii  the  edge  of  per- 
foration of  the  stomach  (X  10).  Note  the  acute  and  chronic  nonspecific  inflammation  and 
the  absence  of  muscle  fibers. 

Biopsy  taken  from  the  edge  of  perforation  was  reported:  (S.S.  148371)  "Fragment  of  gastric 
mucosa  showing  necrosis  with  acute  nonspecific  inflammation.  No  external  muscularis  in- 
cluded in  specimen"  (Fig.  5).  Ten  months  after  the  operation  the  ba);)y  is  doing  well  and 
weighs  16  pounds  and  13  ounces. 

Case  2.  Baby  Girl  G.  (205697)  was  born  at  another  hospital  on  November  2,  1962, 
at  36  weeks  of  gestation,  weighing  3  lbs.  12  oz.;  she  was  one  of  twins.  The  mother  was 
a  healthy  Puerto  Rican,  para  1001,  who  had  an  uneventful  pregnancy.  Her  serologic  test 
for  syphilis  was  negative  and  her  blood  group  was  A,  Rh  positi\  e. 

After  58  minutes  of  labor  a  precipitous  delivery  from  the  L.O.A.  position  was  carried 
out.  The  child  breathed  and  cried  spontaneously  and  the  condition  at  birth  was  described 
as  good.  Oxygen  was  administered;  no  stimulants  were  used  and  vitamin  Tv  was  given 
parenterally.  The  child  was  placed  in  an  incubator. 

Se\en  hours  after  birth  the  child  was  transferred  to  the  premature  nursery  of  our  in- 
stitution where  physical  examination  revealed  an  essentially  normal  premature  infant 
except  for  deviation  of  the  nose  to  the  right.  During  the  first  five  days  of  life  the  child 
took  the  feedings  well.  The  temperature  ranged  from  96.4°  to  98.8°  F.  Passage  of  meconium 
and  transitional  stools  was  normal.  On  the  morning  of  the  sixth  day  of  life,  the  baby  fed 
\ery  poorly  and  became  lethargic;  perioral  cyanosis  and  mild  icterus  were  noted.  The 
pulse  rate  was  160  per  minute,  the  cry  became  weak  and  the  child  responded  only  to  pain- 
ful stimuli.  The  possibility  of  intracranial  hemorrhage  or  sepsis  was  considered.  Cultures 
of  blood,  umbilicus  and  nasopharynx  were  taken  and  antibiotic  therapy  with  penicillin 
and  neomycin  was  instituted. 

Abdominal  distention  persisted;  periiunbiliral  erythema  was  noted  and  tlie  umbilicus 
was  considered  the  portal  of  entry  for  possible  sc|  il  icemia.  The  infant  was  icteric  with  a 
liilirubin  of  12.4  mg  %.  A  lumbar  puncture  \-iel(le(l  a  normal  spinal  fluid.  On  the  evening 
of  the  sixth  da\-  of  life  a  constipated  stool  was  passed.  Approximately  twenty-foin-  hours  after 
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the  blood  culture  was  taken  b-hemolytic  Streptococcus  grew  out  in  all  media.  The  same  or- 
ganism was  cultured  from  the  umbilicus  and  nasopharynx.  During  the  seventh  day  of  life 
the  baby  took  the  feedings  well.  However,  abdominal  distention  persisted.  Ab.sence  of 
bowel  sounds  was  noted  as  well  as  guarding  in  the  region  of  the  hypogastrium. 

Because  of  persisting  signs  of  peritonitis,  x-rays  of  the  abdomen  in  supine  and  upright 
positions  were  taken  which  revealed  the  presence  of  free  air  under  the  diaphragms  (Fig.  6). 
The  roentgenograms  showed  air  in  the  stomach  and  in  the  small  and  large  bowel.  With 
the  preoperati\e  diagnosis  of  a  perforated  viscus  (small  bowel  or  stomach),  the  child  was 
subjected  to  an  oxijloratory  laparotomy  under  local  infiltration  anesthesia  (Xylocaine  0.5 
per  cent). 


Fig.  6.  (Left)  Scout  film  of  the  abdomen  in  ujiright  position  revealing  free  air  in  the  peri- 
toneal cavity  particularly  under  the  right  leaf  of  the  diaphragm. 

Fig.  7.  (Right)  Preoperative  scout  film  of  the  abdomen  showing  a  markedly  distended 
stomach  and  a  large  air-fluid  level.  Note  the  minimal  amount  of  gas  beyond  the  pylorus. 

The  abdominal  exploration  was  carried  out  through  a  midline  upper  abdominal  incision. 
Upon  opening  the  peritoneal  cavity,  air  escaped.  A  localized  peritonitis  was  found  in  the  re- 
gion of  the  right  lower  ciuadrant,  where  a  small  amoimt  of  purulent  exudate  was  seen; 
a  culture  was  taken  from  this  region  and  grew  out  Aerobacter  aerogenes  and  Staphylococcus 
aureus.  In  spite  of  thorough  exploration  of  the  stomach,  small  and  large  bowel,  the  site 
of  perforation  was  not  ascertained.  The  abdomen  was  closed  without  drainage.  The  child 
received  15  cc  of  blood  during  and  immediately  after  the  operation.  Nasogastric  suction 
was  maintained  for  approximately  72  hours  when  peristaltic  activity  and  bowel  function  re- 
turned to  normal.  Intravenous  fluids  were  given  until  oral  feedings  were  well  tolerated.  The 
antibotic  therapy  with  penicillin  and  neomycin  was  continued  during  the  immediate  post- 
operative period  and  substituted  by  Staphcillin  on  the  eighth  postoperative  day.  The 
abdominal  woimd  healed  by  primary  intention.  .\  moniliasis  of  the  lips  and  tongue  was 
controlled  V)y  administration  of  Mycostatin.  The  infant's  postoperative  course  was  other- 
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wiso  uneventful.  The  cliilil  was  (ii.scharged  37  days  after  the  operalion  with  a  weiKht:  of 
2H70  grams.  Six  weeks  all cr  liie  operation  the  infant  was  ica(hniMi'(l  hric  wilh  a  pneumonia 
111'  the  right  lower  lobe-.  Tin-ee  montlis  aftrr  Ihr  opcialinn  llic  was  ni  "odiI  hcahh, 

wrighing  8  pounds  and  10  ounces. 

Cfl.ste  This  I'ucrit)  Hican  female  infant  (9315.5)  was  horn  al  Ihc  ildli  Israel  IIos])ilal, 
Xew  York,  on  February  12,  1963,  after  a  normal  spontaneous  delivery.  The  birth  weight 
was  5  pounds  and  12  ounces.  Thei'e  was  no  r\  idcnce  of  fetal  tlistress  or  anoxia  and  no  rcsus- 


FiG.  8.  Preoperatn  e  upjicr  gastrointestinal  study  with  diatrizoate  methylglucamine  show- 
ing retention  of  the  dye  in  the  stomach.  The  herniated  mucosal  pouch  is  visible  (outline 
designated  by  arrows). 

citative  measures  were  employed.  Initially  the  infant  tolerated  gluco.se  and  water  feedings 
and  pa.ssed  meconium  stools.  On  the  second  day  of  life  the  baby  \  omited  coffee  ground  ma- 
terial and  on  the  third  day  abdominal  distention  occurred.  Plain  x-ray  films  of  the  abdomen 
revealed  marked  distention  of  the  stomach  with  a  large  air-fluid  level.  Minimal  amount  of 
fias  was  seen  beyond  the  pylorus  (Fig.  7).  Contrast  studies  with  diatrizoate  methylglucamine 
( (lastrografin)  showed  retention  of  the  dye  in  the  stomach  (Fig.  8). 

The  baby  was  taken  to  the  operating  room  with  a  preoperative  diagnosis  of  congenital 
obstruction  in  the  region  of  the  pylorus.  The  abdominal  wall  was  infiltrated  with  0.5  per 
cent  procaine  and  a  transverse  incision,  one  fingerbreadth  above  the  umbilicus  was  carried 
out.  A  small  amount  of  bloody  fluid  was  found  in  the  peritoneal  cavity.  There  was  a  long 
seromuscular  tear  in  the  anterior  wall  of  the  stomach  close  to  the  greater  curvature,  ex- 
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tending  from  the  pyloric  region  to  the  fundus.  Dilated  mucosa  herniated  through  this 
defect  creating  a  pocket  three  times  the  size  of  the  stomach  itself  (Fig.  9).  The  herniated 
mucosa  was  replaced  into  the  lumen  of  the  stomach  and  the  defect  was  repaired  with 
interrupted  seromuscular  sutures  of  No.  4-0  silk,  except  for  the  most  cephalad  portion 
where  the  overlying  left  lobe  of  the  liver  and  the  spleen  made  the  repair  technicidly 
impossible  (Fig.  10).  The  omentum  was  tacked  up  to  cover  the  suture  line. 

The  remainder  of  the  abdominal  cavity  was  llu  ii  explored.  Malrotation  of  the  intestine 
was  found  with  the  ceciuu  in  the  right  ui)per  quathaiit.  Ladd's  bands  crossed  the  duodenum 


.  BAND 

OBSTRUCTING  DUODENUM 

Fig.  9.  .Vniriior  \  ii  w  of  ihc  alicioiniiial  .<ilu>,  .-howiiig  lifrniation  of  gastric  mucosa  through 
a  seromuscular  tear,  and  malrotation  of  the  intestine  with  band  obstructing  the  duodenum. 
Note  the  size  of  the  mucosal  herniation  in  relation  to  the  stomach  (insert). 

partially  obstructing  it.  The  proximal  duodenum  was  dilated.  After  division  of  Ladd's 
bands,  the  duodenum  was  noted  to  descend  to  the  righl  lower  quadrant  to  the  right  of  the 
superior  mesenteric  artery  (Fig.  10). 

An  opening  was  made  in  the  posterior  wall  of  the  body  of  the  stomach  within  a  purse 
string  suture  of  No.  3-0  chromic  catgut.  A  rubber  catheter  was  pa.«sed  through  the  pylorus 
and  duodenum  and  into  the  .je,iunum  to  rule  out  intrinsic  obstruction.  This  catheter  was 
then  removed  and  replaced  with  a  No.  5  French  polyethylene  catheter  threaded  8  inches 
into  the  jejunum.  A  No.  14  Foley  catheter  was  passed  through  the  same  opening  in  the 
stomach  (Fig.  10).  The  balloon  was  inflated  with  3  cc  of  saline  and  the  pur.se  string  was  tied. 
A  stab  wound  was  matle  through  the  left  rectus  muscle  abo\  e  the  incision  and  both  catheters 
were  brought  o>it  throtigli  tliis  wound.  The  stomach  was  then  sutured  to  the  anterior  ab- 
dominal wall. 
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The  ahdoniinal  wall  was  (■1os(m1  \vi(h  wiro  for  ] iciil (iiiouin  and  fascia,  and  silk  fof  skin 
closvnr. 

Postoperatively,  Ihe  gaslrostoniy  tube  was  kept  on  gravity  drainage  and  the  baby  was 
fed  intravenously.  After  48  hours,  the  gastric  drainage  was  instilled  into  the  jejunostomy 
tube  every  two  iiours.  On  liie  fourth  postoperative  da>-,  clear  fluids  and  on  I  lie  fifth  post- 
operative day  dilute  formula  were  instilled  into  the  jejunostomy  tube.  By  tiic  sixth  post- 
operative day  the  baby  was  on  full-strength  formula. 

Her  weight  fell  slowl\-,  reaching  a  low  point  of  4  poimds,  9  ounces  on  March  3,  1963.  At  this 
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Fig.  10.  Repair  of  the  seromuscular  tear  after  replacement  of  the  mucosa  into  the  stomach. 
The  repair  of  the  proximal  end  of  the  tear  was  technically  impossible  (lying  under  the  spleen 
and  left  lobe  of  the  liver). 

Note  the  abnormal  course  of  tiie  duodenum  after  division  of  the  obstructing  band.  Foley 
catheter  acting  as  gastrostomy.  Polyethylene  tube  acting  as  feeding  jejunostomy. 

time  the  jejunal  tube  was  removed.  Feedings  continued  through  the  gastrostomy  tube  for 
another  48  hours.  The  gastrostomy'  tube  was  then  removed,  and  increasing  feedings  were 
given  by  mouth. 

The  infant  began  to  gain  weight  and  was  discharged  on  March  16,  1963.  weighing  5  i)ounds, 
6  (junces. 

DISCUSSION 

Pt'l-forution  of  the  stomach  in  the  neonatal  period  is  far  from  rare.  In  a  re- 
view of  the  literature  we  found  159  cases  reported  since  1826.  Reviews  of 
the  literature  were  presented  by  Vargas  et  al.  (31)  in  1955  and  Hallaba  et  al. 
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(41)  in  1961.  Our  own  experience  is  limited  to  three  cases:  One  case  of  gastric 
perforation,  one  infant  witli  pneumoperitoneum  of  undetermined  origin  and 
a  case  of  seromuscular  tcai'  of  the  stomach  with  herniation  of  the  mucosa  and 
impending  rupture.  All  three  infants  exhii)ited  similar  clinical  pictures,  were 
operated  upon  and  survived. 

The  imiformity  of  the  clinical  i)icture  with  the  sudden  onset  of  illness  limited 
primai'ily  to  the  hrst  week  of  life  should  ai'ouse  suspicion  for  the  possibility  of 
gastric  perforation.  The  demonstration  of  pneumoperitoneum  on  the  scout  film 
(upright  position)  constitutes  the  i)i'ime  indication  for  an  inunediate  exploratory 
laparotomy.  In  doubtful  cases  roentgenographic  study  of  the  upper  gastroin- 
testinal tract  with  the  aid  of  a  contrast  medium  may  be  of  extreme  help  in  es- 
tablishing the  diagnosis  or  delineating  the  site  of  perforation.  A  water  soluble 
medium  should  be  used  rather  than  opaque  oil  or  barium;  the  substance  may 
be  given  in  a  milk  liottle  or  injected  through  a  nasogastric  tube.  It  has  been 
clearly  shown  that  the  mortality  is  directly  proportional  to  the  length  of  time 
which  elapses  between  the  onset  of  symptoms  and  the  time  of  surgical  interven- 
tion. The  exploration  can  be  j)erformed  under  local  infiltration  anesthesia  in  the 
premature  acutely  ill  infant. 

If  gastric  perforation  is  suspected  or  diagnosed  preoperatively,  an  upper  mid- 
line incision  should  be  employed  to  provide  adequate  exposure  of  the  fundus 
and  cardia  of  the  stomach,  a  region  most  frequently  affected  by  rupture  in  the 
neonatal  period;  the  posterior  wall  of  the  stomach  should  be  routinely  inspected 
by  opening  the  lesser  peritoneal  sac.  Adequate  closure  by  placing  the  sutures 
through  healthy  tissue  will  prevent  dehiscence  of  the  wound  or  extension  of  the 
perforation.  A  thorough  inspection  of  the  distal  gastrointestinal  tract  should  be 
made  prior  to  closure.  If  a  tube  gastrostomy  is  done,  the  tube  should  not  be 
brought  through  the  site  of  perforation;  the  necrotic  edges  do  not  provide  suit- 
able tissue  for  a  tight  closure  around  the  tube. 

Tunger  (85)  in  1936  reported  a  case  of  spontaneous  pneumoperitoneum  in  a 
newborn  infant  with  complete  resolution  of  the  process  within  eighteen  flays 
while  surgical  intervention  was  deferred. 

A  similar  case  was  reported  by  Steinberg  (86) :  a  one  day  old  infant  developed 
abdominal  distention,  and  pneumoperitoneum  was  demonstrated  radiograph- 
ically.  The  child  survived  without  operation.  On  the  tenth  day  of  life  an  acute, 
necrotizing  orchitis  necessitated  unilateral  orchidectomy,  a  jn-ocedure  well  toler- 
ated by  the  infant,  who  left  the  hospital  on  the  fifteenth  day.* 

Linkner  and  Benson  (75)  described  a  ca.se  where  the  small  gastric  perforation 
was  sealed  at  the  time  of  operation,  and,  conse([uently,  repair  was  not  necessary. 
Our  second  case  of  pneumoperitoneum,  though  obscure,  probably  represents  an 
unrecognized  lesion  similar  to  that  of  Linker  and  Benson.  Both  infants  survived 
and  would  have  survived  without  operation.  In  spite  of  these  examples,  surgical 
intervention  remains  the  therapy  of  choice  in  this  condition.  There  was  only  one 
survivor  among  the  56  nonoperated  cases  of  gastric  perforation,  and  of  the  103 

*  By  peimissioa  of  Dr.  D.  Steinberg  who  reported  this  case  at  the  February  1963  meet- 
ing of  the  Bronx  Pediatric  Society,  New  York,  N.  Y. 
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infants  troatod  surgically,  only  38  survived.  This  iiigli  mortality  may  he  par- 
lially  attributed  to  the  multiplicity  of  otlici'  associated  congenital  anomalies 
or  septicemia.  Ho\v('\  (  i-,  I  lie  dcla}'  in  pei  foi  ining  an  exploratory  laparotomy  with 
the  invariable  result  of  ileatli  due  to  ])eritonitis  remains  a  basic  factoi'  in  thi'  high 
rate  of  mortality. 

Etiology  and  FcithogencsiH 

The  etiology  and  pathogenesis  of  this  disease  remains  obscure.  Until  1943 
perforation  of  the  stomach  in  the  newborn  period  was  attributed  to  acute  or 
chronic  peptic  ulcer.  In  1919  Theile  (87  )  ])resented  a  collective  review  of  ulcera- 
tions of  the  gastroduodenal  tract  in  children.  He  found  119  cases  of  gastric  ulcer, 
34  of  which  occurred  in  the  neonatal  period  with  perforation  in  7  instances. 

Bird  and  his  associates  (88)  in  1941  collected  243  cases  of  peptic  ulceration 
of  the  stomach  and  duodenum  in  infants  and  children.  Of  these,  38  were  found 
in  the  newborn  period  with  gastric  localization  in  12  cases  and  duodenal  or  py- 
loric in  26  instances;  5  of  these  38  infants  developed  perforation  and  were  oper- 
ated u\)on  with  one  survivor. 

In  1941  Miller  (89j  studied  the  gastric  acidity  during  the  first  month  of  life, 
lie  found  a  high  degree  of  acidity  during  the  first  48  hours,  comparable  to  that 
of  a  healthy  adult;  after  the  second  day  the  free  acid  falls  to  zero  in  most  cases. 
A  gradual  rise  occurs  after  the  tenth  day.  He  assumed  that  a  gastrogenic  hor- 
mone transmitted  to  the  infant  from  the  mother  or  placenta  accounts  for  the 
high  acidity  during  the  first  2  days.  Recent  investigations  of  gastric  acidity  in 
premature  infants  by  Ames  (90)  show  no  significant  fluctuation  of  the  acid 
levels  during  the  first  10  days  of  life. 

Herbut  (21  j  in  1943  introduced  the  concejjt  of  a  "congenital  nuiscular  defi- 
ciency" as  the  cause  of  gastric  perforation  in  the  neonatal  period.  This  concept 
was  based  on  the  embryological  differentiation  of  the  gastric  musculature  as 
described  in  the  fundamental  work  of  Plenk  (91). 

The  anlage  for  the  circular  muscle  layer  appears  as  a  thickening  of  the  mes- 
enchyme along  the  distal  end  of  the  esojihagus  and  the  lesser  curvature  of  the 
stomach.  ^Similar  mesenchymal  thickenings  in  the  fundic  and  greater  curvature 
regions  appear  at  a  later  embryonal  stage.  The  longitudinal  muscular  layer 
appears  later  and  is  always  very  thin;  it  may  be  partially  absent  even  at  birth. 
Herbut  postulated  that  failure  in  the  growth  of  the  muscle  cells  from  the  anlage 
on  the  lesser  curvature  or  a  poor  development  or  absence  of  the  mesenchymal 
islands  in  the  fundus  and  greater  curvature  may  lead  to  congenital  defects  in 
the  wall  of  the  stomach. 

Herbut's  concept  of  mesenchymal  deficiency,  which  found  acceptance  in  text- 
books of  pathology  (25,  92),  is  purely  hypothetical.  Abnormal  thinning  of  the 
gastric  wall  or  mici'oscopic  absence  of  muscle  fibers  can  be  produced  by  over- 
distention  of  the  stomach  (pneumatic  pressure,  distal  obstruction)  and  are  not 
dependable  criteria  for  a  defective  development  of  the  gastric  musculature  (51). 
The  localization  of  the  majority  of  gastric  perforations  in  the  fundus  along  the 
greater  curvature  is  not  pathognomonic  of  defective  musculature.  Sufficiently 
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liigh  (los(>8  of  liistaniine  given  to  animal?  will  produce  ulcerations  and  perfora- 
tions almost  exclusively  in  the  region  of  the  fvmdus  of  the  stomach  (93). 

The  occurence  of  gastric  diverticula  with  prcHlilection  for  the  greater  curva- 
ture may  be  related  to  the  jienetration  of  this  i-egion  by  vascular  trunks,  a  phe- 
nomenon comparable  to  that  seen  in  diverticulosis  (51). 

If  deficient  muscle  were  the  cause  of  gastric  perforation  one  would  expect  a 
much  higher  incidence  of  rupture  following  Fredet-Ramstedt  pyloromyotomy. 

Musser  (51)  emphasized  the  imjiortance  of  gastric  distention  produced  by 
mechanical  resuscitation  and  felt  that  the  incidence  of  gastric  perforation  runs 
parallel  to  the  therapeutic  use  of  oxygen  under  pressure.  Most  likely,  the  dilata- 
tion of  the  stomach  due  to  distal  obstruction  also  represents  a  significant  element 
in  the  genesis  of  gastric  perforation. 

If  we  accept  the  theory  of  "congenital  muscle  defect"  without  criticism,  we 
ignore  elementary  factors  which  come  into  jilay  during  the  first  few  days  of  the 
infant's  life:  the  high  gastric  acidity  during  the  first  48  hours  (89)  in  an  organ 
which  is  not  prepared  for  such  high  jieptic  activity;  the  overdistention  of  the 
stomach  due  to  exogenous  (mechanical  resuscitation)  or  intrinsic  (distal  ob- 
struction I  causes.  Our  third  case  emjihasizes  the  significance  of  distal  obstruc- 
tion as  a  cause  of  gastric  perforation. 

Although  well  documented  in  few  instances,  it  is  difficult  to  believe  that  tube 
trauma  alone  can  produce  perforation  in  a  normal  stomach.  It  is  more  likely 
that  peptic  or  mechanical  alterations  of  the  gastric  wall  precede  the  trauma  due 
to  intubation. 

Wagner  et  al.  (94)  emphasized  the  precautions  to  be  taken  when  frequent 
insertion  of  polyethylene  tubes  for  feeding  of  premature  infants  is  necessary. 
The  association  of  septicemia  and  perforation  of  the  stomach  was  recorded  in  5 
instances  (31.  53,  54,  78).  In  the  case  of  Gerasimenko  (55),  a  phlegmon  of  the 
stomach  was  considered  the  cause  of  perforation.  Multiple  ulcerations  and/or 
perforations  are  suggestive  of  septicemia  ( 57 ) . 

The  theory  of  neurogenic  origin  of  peptic  ulcers  introduced  by  Rokitansky 
was  revived  in  the  time  of  Gushing  (95),  who  stressed  the  occurrence  of  ulcera- 
tive and  perforative  lesions  of  the  gastrointestinal  tract  following  surgical  in- 
tervention for  cerebellar  tumors  or  other  intracranial  lesions.  Davis  and  his 
associates  (96)  in  1955  studied  the  correlation  between  upper  alimentary  tract 
lesions  and  neurosurgical  operations  and  came  to  the  conclusion  that  gastroin- 
testinal ulcerations  and  hemorrhages  are  the  result  of  stress  due  to  surgery, 
regardless  of  its  location. 

The  majority  of  the  authors  agree  that  birth  trauma  alone  is  unlikely  to 
cause  gastric  perforation. 

CONCLUSIONS 

1.  Sudden  onset  of  abdominal  distention  in  a  newborn  infant,  jiarticularly 
during  the  first  week  of  life,  must  draw  the  jihysician's  attention  toward  the 
possibility  of  a  gastric  perforation. 

2.  Labored  respirations  and  cyanosis  often  precede  or  accompany  abdominal 
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ilistcntion  and  .should  not  mislead  the  clinician  towai'ds  incoi'fcct  diasnosos  of 
pulmonary  or  cardiac  disease. 

3.  Plain  films  of  the  abdomen  and  chest  must  be  taken  in  the  upright  position, 
even  if  the  suspected  illness  i.s  cardiac  or  pulmonary  in  nature.  Absence  of  the 
normal  gastric  air  bul)l)lc  is  suggestive  of  gastric  perforation.  In  doubtful  cases 
contrast  media  should  be  used,  preferably  water  soluble  m(>dia,  in  oi'der  to  ob- 
tain a  precise  roentgenologic  diagnosis. 

4.  Once  the  diagnosis  of  gastric  i)erforation  is  established  or  suspected,  ex- 
ploration of  the  abdomen  through  a  midline  upper  abdominal  incision  should 
be  carried  out;  local  infiltration  anesthesia  may  be  used  in  the  desperately  ill 
l)remature  infant.  The  fundus  of  the  stomach,  the  region  of  the  cardia  and  the 
posterior  wall  of  the  stomach  must  be  inspected  thoroughly ;  if  the  perforation 
is  found  and  repaired,  exploration  of  the  distal  gastrointestinal  tract  is  necessary 
to  avoid  overlooking  distal  obstruction. 

5.  A  tube  gastrostomy  is  advisable;  the  tube  should  be  introduced  into  the 
stomach  through  a  seperate  gastrotomy  within  the  healthy  portion  of  the  anterior 
wall  of  the  stomach. 

6.  Full  thickness  gastric  biopsies  should  be  taken  and  may  be  of  great  value 
in  determining  the  etiology  of  the  perforation. 

7.  The  use  of  pre-  and  postoperative  antibiotics  is  indicated. 

8.  Attention  is  drawn  to  the  need  for  gentle  and  careful  use  of  mechanical 
resuscitators  and  nasogastric  tubes. 

9.  Further  studies  to  elucidate  the  nature  of  this  entity  are  necessary.  Distal 
obstruction  and  mechanical  resuscitation  producing  overdistention  of  the  stom- 
ach are  important  factors. 

SUMMARY 

Significant  data  from  159  case  reports  of  neonatal  gastric  perforation  have 
been  collected.  The  case  records  of  three  surgically  treated  infants  with  survival 
are  presented.  The  etiology  and  pathogenesis  of  this  entity  are  discussed. 

Precise  knowledge  of  the  disease  and  prompt  surgical  intervention  will  yield 
more  fruitful  results  in  the  future.  Expectant  treatment  is  completely  unjusti- 
fied. Without  operation  the  mortality  is  almost  100  per  cent. 
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Sl<)ol  Water  Content  in  the  Neonatal  Period 


WALTER  L.  HENLEY.  and  HORACE  L.  HODES,  M.D. 

New  York,  N.  Y. 

It  is  known  that  stools  of  newborn  habics  vary  considci'ahly  in  freciucncy  (1) 
l)ut  few  studies  have  emphasized  the  variability  of  their  consistency.  This  study 
was  undei-taken  to  determine  the  percentage  of  water  of  individual  stools  in 
the  neonatal  period  of  babies  on  different  feeding  regimens.*  We  were  unable 
to  consider  the  number  and  amount  of  stools  passed  and  therefore  we  did  not 
determine  the  daily  total  water  loss  in  the  infants'  stools. 

MATERIALS  AND  METHODS 

Newborn  babies  in  this  hospital's  regular  nurseries  receive  nothing  by  mouth 
for  the  first  twelve  hours,  after  which  they  are  gradually  fed  increasing  amounts 
of  5%  glucose  in  water.  At  twenty-four  hours  of  age  the  bottle-fed  babies  are 
fed  a  diluted  formula  containing  45  calories/100  ml  (13V2  calories/oz)  at  4 
hour  intervals.  This  concentration  is  designated  as  Formula  No.  1. 

Formula  No.  2  containing  67  calories/100  ml  (20  calories/oz)  is  begun  on  the 
fifth  day  of  life. 

For  the  purpose  of  this  study,  some  bottle-fed  babies  weighing  less  than 
3300  grams  at  birth  were  continued  on  the  more  dilute  Formula  No.  1  until  the 
time  of  their  discharge,  usually  between  the  fifth  and  the  eighth  day  of  life. 

Breast-fed  babies  were  fed  at  similar  time  intervals;  they  received  sup- 
jilementary  feedings  of  5%  glucose  in  water  and  no  formula. 

Bottles  were  sterilized  by  terminal  autoclaving  at  8  pounds  pressure  for  10 
minutes  at  240°F  during  the  initial  period  of  our  study.  During  the  last  two 
years  the  autoclave  has  been  regulated  at  6  pounds  pressure  for  10  minutes 
at  230°F. 

The  stools  were  collected  between  10  a.m.  and  2  p.m.  on  special  plastic 
diapersf  to  exclude  urine,  and  for  the  same  reason  only  male  babies  were  studied. 
The  stools  were  transferred  to  previously  dried  and  weighed  evaporating  dishes ; 
each  stool  in  its  evaporating  dish  was  weighed  again  and  then  placed  in  an 
oven.  The  oven's  temperature  was  kept  between  100°C  and  104°C.  Two  days 
later  the  dish  plus  stool  was  weighed,  after  previous  cooling  in  a  calcium  chloride 
desiccator,  and  returned  to  the  drying  oven.  This  procedure  was  repeated  daily 
until  constant  weight  was  reached  on  two  consecutive  days.  The  usual  time  re- 
quired was  four  to  five  days.  The  percentage  of  water  lost  was  then  calculated. 

For  each  group  the  mean,  standard  error  of  the  mean,  and  standard  deviation 
were  calculated.  Statistical  analysis  was  performed  to  determine  whether 
significant  differences  exist  between  the  means  of  comparable  groups  ("t" 

From  the  Department  of  Pediatrics,  The  Mount  Sinai  Ho.spital,  Xew  York,  N.  Y. 
*  This  study  was  financed  in  part  by  a  grant  from  Mead  Johnson  &  Company, 
t  Tomac  urine  specimen  diapers  made  by  American  Hospital  Supply  Corporation,  E\  ans- 
ton,  Ilhnois. 
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value)  (2,  3).  For  our  i)urpos;c  we  luive  eonsidered  "signifieant"  any  "t"  values 
above  3  (probability  of  370:1). 

Stools  from  the  following  groups  were  studied: 

1.  Meconium  stools  mostly  from  babies  approximately  24  hours  old. 
Meconium  stools  up  to  72  hours  of  age  were  studied;  they  represented  the 
first,  second  or  tliird  stools  passed. 

2.  Breast-fed  babies  between  3  and  8  days  of  age;  subsequently  this  group 
was  divided  into  two  groups:  babies  3  or  4  days  old  and  babies  5  days  of  age 
and  older. 

Artificially  fed  babies  were  divided  according  to  age  and  formula  concentration 
used. 

3.  Babies  3  to  4  days  of  age  fed  Formula  No.  1. 

4.  Babies  5  to  7  days  of  age  weighing  less  than  3300  grams  at  birth  fed 
Formula  No.  1. 

5.  Babies  5  to  8  days  of  age  weighing  over  3300  grams  at  birth  fed  Formula 
No.  2. 

The  following  milk  preparations  were  used: 

P — Carbohydrate-modified  cow's  milk  formula 

Q — Same  ingredients  as  P;  flash  sterilization 

R — Evaporated  milk  formula  with  5%  dextri-maltose 

V — Simulated  breast  milk 

W — Simulated  breast  milk,  different  brand 

X — Formula  with  intermediate  fat  and  protein  content 

B — Breast  milk 

The  composition  of  the  various  milk  preparations  are  compared  in  Table  I. 
The  groups  consisted  of  50  to  70  samples  of  stool  each. 

RESULTS 

Meconium  stools  were  obtained  within  the  first  two  days  of  life  and  were 
included  if  they  "looked  like  meconium  stools"  and  were  one  of  the  first  two 
or  three  stools  passed  by  the  infant.  The  range,  variation  with  age  and  distribu- 
tion is  shown  in  the  scatter-graph  (Fig.  1)  and  as  can  be  seen  no  significant 
variation  with  age  is  apparent. 

Breast-fed  babies  aged  3  to  8  days  were  studied  in  three  experiments,  months 
and  years  apart.  The  results  obtained  in  the  three  experiments  were  statistically 
similar  and  were  combined  in  Figures  1  and  2  and  Tables  II,  III  and  IV*.  The 
results  were  then  divided  into  two  groups  according  to  the  age  of  the  babies, 
3-4  days  old  and  5  days  old  and  older.  The  stool  water  percentage  and  its  rela- 
tion to  age  is  shown  in  the  scatter-graphs  (Figs.  1  and  2).  A  statistically  signifi- 
cant fall  in  individual  stool  water  percentage  occurs  after  the  fourth  day. 

Babies  3-4  days  old  were  fed  several  artificial  milk  preparations  in  a  con- 
centration of  45  calories/lOO  ml  (Formula  No.  1).  Statistical  comparison  be- 
tween the  means  of  the  stool  water  per  cent  of  the  vai'ious  feeding  regimens  was 

*  "t"  value  3.56 
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niiulc;  iilthough  .signilicant  (lilTcicnces  occurred  no  definite  patteiii  was  ap- 
parent (Fig.  1  and  Table  II). 

Babies  5  days  old  and  older  fed  Formula  No.  1.  The  babies  in  this  group 
weighed  less  than  3300  grams  at  hii'th.  ,\11  the  groui)s  studied  were  smaller,  only 
the  first  four  products  were  studied  and  only  "V"  was  studied  twice.  Figure  2 
and  Table  III  indicate  wide  variability  in  the  water  percentage  of  the  individual 
stool.  Breast  and  "V"  stools  show  significantly  lower  watei'  percentage  than  the 
stools  from  other  jireparations  studied. 
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*75-^:ii 


70- 


65- 


60- 
FORMULA 

AGE 

(DAYS) 


BIRTH  TO 
?4  HOURS 


mH  AGE 

3.6 


3.7 


3.6 


3.5 


3.6 


3.4 


3.5 


MEAN 

+  I  STANDARD  DEVIATION 


Fig.  1 


B— Breast  milk 

P — Caibohydrate-modifiod  cow's  milk  for- 
mula 

Q — Same  ingredients  as  P ;  flash  sterilization 
R — Evaporated  milk,  dextri-maltose  formula 


V — Simulated  breast  milk 
\V — Simulated  breast  milk,  different  brand 
X — Formula  with  intermediate  fat  and  iiro- 
tem  content 


Babies  5  days  old  and  older  were  usually  fed  Formula  No.  2.  The  babies  were 
fed  the  six  different  preparations  already  described.  The  results  are  shown  in 
Figure  2.  Analysis  of  the  results  in  Table  IV  shows  that  the  breast-fed  infants, 
and  tho.se  receiving  "V,"  "W"  and  "X"  had  lower  water  percentage  in  the  indi- 
vidual stool  than  babies  fed  the  other  preparations,  and  that  the  difference  is 
statistically  significant. 


FURTHER  COMPARISONS 

1.  Individual  stool  water  percentage  from  babies  3  and  4  days  old  fed 
Formula  No.  1  was  compared  with  that  of  liabies  on  the  same  strcngtli  i'oi-niula 


128 


W.  L.  HENLEY  AND  H.  L.  HODES 


TABLE  II 
Babies  3  to  4.  Dai/t.  Old 
Formula  Cone.  No.  1:  45  cal/100  ml  (13.5  cal/oz) 


stool  Water  Results 

Statistical  Comparison  ("t"  Values) 

Mean 
Water 
Content-% 

S.E.M. 

•St.D. 

B 

P 

Q 

R 

V 

W 

X 

80.17 

0.96 

6.13 

B 

3.31 

3.20 

1.83 

0.38 

1.21 

0.94 

84.11 

0.71 

4.94 

P 

0.52 

2.20 

3.82 

4.75 

2.46 

83.66 

0.51 

3.72 

Q 

2.04 

3.97 

4.78 

2.28 

82.17 

0.52 

3.97 

R 

2.01 

3.38 

0.79 

80.60 

0.58 

4.49 

V 

1.86 

0.75 

78.55 

0.94 

5.93 

W 

2.23 

81.38 

0.86 

5.42 

X 

S.E.M. — Standard  error  of  the  mean 
St.  D. — Standard  deviation 
B — Breast  milk 

P — Carbohydrate-modified  cow's  milk  for- 
mula 

Q — Same  ingredients  as  P;  flash  sterilization 


R — Evaporated  milk,  dextri-maltose  for- 
mula 

V — Simulated  breast  milk 
W — Simulated  breast  milk,  different  brand 
X — Formula  with  intermediate  fat  and  pro- 
tein content 


't"  values 


Difference  between  means 


Standard  error  of  difference 
(probability  values  corresponding  to  60  samples) 


1.0 
2.0 
2.5 
3.0 
3.5 
4.0 


])robability 


2.15 
21. 
79.5 
370. 
2150. 
15770. 


TABLE  III 
Babies  5  to  7  Days  Old 
Formula  Cone.  No.  1:  45  cal/100  ml  (13.5  cal/oz) 


Stool  Water  Results 


Mean  Water 
Content-% 

S.E.M. 

St.D. 

B 

P 

Q 

R 

V 

75.53 

0.61 

4.08 

B 

8.65 

9.61 

11.28 

2.44 

84.70 

0.87 

3.46 

P 

1.30 

0.03 

6.01 

82.93 

0.47 

2.60 

Q 

2.45 

5.84 

84.07 

0.54 

3.02 

R 

7.49 

77.85 

0.73 

4.64 

V 

Statistical  Comparison  ("t"  Values) 


S.E.M. — Standard  error  of  the  mean 
St.  D. — Standard  deviation 
B — Breast  milk 

P— Carbohydrate -modified  cow's  milk  for- 
mula 


Q — Same  ingredients  as  P;  flash  sterilization 
R — Evaporated  milk,  dextri-maltose  for- 
mula 

V — Simulated  breast  milk 
For  "t"  values,  see  Table  II 


STOOL  WATER  CONTEXT  IN  THE  NEONATAL  I'l.Hlol) 


129 


i\crcd  5  days  or  older.  (Figs.  1  and  2  and  Tables  II  and  III.)  Only  \ni\nv^  taking 
four  of  the  products  were  studied,  as  well  as  the  breast-fed  babies  in  the  same  age 
groups.  The  statistical  results  are  not  shown;  the  only  significant  diflVrence  was 
in  the  water  percentage  of  the  individual  stool  of  the  breast-fed  baby.  As  has 
been  pointed  out  above,  there  is  a  marked  decrease  in  stool-water  per  cent  in 
breast-fed  babies  with  the  passage  of  time;  from  80.17':;  in  the  3-4  days  old 
group  to  75.53%  in  the  older  babies. 


BABIES   5  DAYS  AND  OLDER 
FORMULA  CONC  NO  I  FORMULA  CONC  NO  2 

45col/IOOml  (135cQl/oz)  67  col /lOOmI  (20cal./oz ) 


95- 

^90- 

§85- 
o 

^80- 

I— 

< 

^75- 
_j 

o 
o 

70- 

cn 

65- 

60- 
FORMULA 

MEAN  AGE 

(DAYS) 


•i" 

1 
■ 

....... 

p 

1  

C3 

R 

V 

B 

P 

Q 

R 

V 

w 

X 

6.3 

6.0 

6.0 

6.0 

5.7 

6.2 

6.8 

6.1 

5.9 

5.9 

5.8 

  MEAN 

  +1  standard  deviation 

Fig.  2 

P — Carbohydrate-modified  cow's  milk  for-     B — Breast  milk 
mil  la 

Q — Same  ingredients  as  P;  flash  sterilization 
R — Evaporated  milk,  dextri-maltose  formula 
V — Simulated  breast  milk 


W — Simulated  breast  milk,  different  l)rand 
X — Formula  with  intermediate  fat  and  iiro- 
tein  content 


2.  Individual  stool  water  percentages  were  compared  from  babies  5  days 
old  and  oldei'  fed  Formulas  No.  1  and  No.  2.  Only  the  first  four  products  listed 
were  studied  and  no  consistent  difference  or  trend  could  be  established.  (Statis- 
tical results  not  shown.)  (Fig.  2  and  Tables  III  and  IV.) 

DISCUSSION 

The  purpose  of  this  study  was  to  determine  the  percentage  of  water  of  the 
individual  stool  in  the  first  few  days  of  life.  The  merit  of  the  various  feeding 
regimens  was  not  under  consideration  nor  were  weight  gain  or  weight  loss 
analyzed. 

Some  general  remarks  about  a  stool  study  are  in  order. 
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Under  hospital  conditions,  wlicn  diapers  are  cliangcd  only  jirior  to  and 
immediately  after  feedings,  no  accurate  knowledge  of  stool  frequency  can  be 
obtained.  The  extreme  variability  of  stool  number  in  the  innnediate  newborn 
period  has  been  discussed  by  Nyhan  (1). 

The  relationship  of  the  type  of  feeding  and  the  amount  fed  to  the  stool  num- 
ber and  total  fecal  water  loss  has  not  been  recorded,  although  tiiey  are  known 
to  affect  it  (4).  Levine  et  al.  (5,  6)  have  shown  that  increased  fluid  intake  results 
in  increased  urine  without  influencing  stool  water.  In  this  study  the  average  daily 
fluid  intake  of  babies  of  the  same  age  on  various  artificial  milk  preparations  did 
not  differ  significantly. 

TABLE  IV 


Babies  5  Days  Old  and  Older 
Formula  Cone.  No.  2:  67  cal/100  ml  (20  cal/oz) 


Stool  Water  Results 

statistical  Comparison  ("t"  Values) 

Mean 

Water 
Content- 

S.E.M. 

St.D. 

B 

P 

Q 

R 

V 

w 

X 

% 

75.53 

0.61 

4.08 

B 

13.04 

9.92 

10.0 

2.13 

3.06 

1.67 

85.57 

0.47 

3.67 

P 

3.79 

3.49 

10.6 

8.07 

5.70 

83.07 

0.46 

3.58 

Q 

0.24 

7.39 

5.23 

3.88 

83.23 

0.48 

3.78 

R 

7.50 

5.35 

3.97 

77.38 

0.62 

4.78 

V 

0.96 

0..35 

78.47 

0.75 

4.73 

W 

0.41 

77.87 

1.26 

6.89 

X 

S.E.M. — Standard  error  of  the  mean  R — Evaporated  milk,  dextri -maltose  for- 

St.  D. — Standard  deviation  mula 

B — Breast  milk  V — Simulated  breast  milk 

P — Carbohydrate-modified  cow's  milk  formula    W — Simulated    breast    milk,  different 

Q — Same  ingredients  as  P;  flash  sterilization  brand 

X — Formula  with  intermediate  fat  and 
protein  content 

For  "t"  values,  see  Table  II 

A  baby's  activity  and  sleeping  time  may  affect  water  loss  and  hence  fecal 
water.  Variations  due  to  temperature  and  humidity  have  been  eliminated  by 
maintaining  them  constant  in  our  nurseries. 

Alterations  in  the  autoclave  period,  pressure  or  temperature  may  modify  the 
formula  and  ultimately  influence  the  stool. 

Amniotic  fluid  and  maternal  blood  aspiration  affect  gastrointestinal  motility 
during  the  first  few  days  of  life,  and  retained  meconium  may  modify  the  water 
content  of  transitional  stools.  Differences  exist  in  milks  obtained  from  different 
breeds  of  cows  (7,  9)  and  from  cows  that  are  grazing  or  fed  hay.  Variations 
also  exist  in  the  composition  of  breast  milk  (7-14),  especially  in  the  first  days. 
Our  finding  of  a  lower  water  percentage  in  stools  of  breast-fed  infants  is  of 
interest  particularly  since  these  stools  are  usually  reported  of  softer  consistency 
than  the  stools  of  infants  fed  cow's  milk  (15).  Colostrum  is  considered  to  have 
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a  mild  laxative  effect  (161,  and  it  may  be  i'esi)()nsil)le  For  the  increased  water 
percentage  of  the  breast-fed  infant's  stool  in  the  lii'st  three  and  foin'  days  of 
life;  the  5%  glucose  water  supplements  that  breast-fed  babies  receive  may  also 
play  a  role  (Fig.  1) . 

Stool  water  is  influenced  l)y  the  k'ngtli  of  sojourn  of  the  feces  in  tlie  gastro- 
intestinal tract.  In  adults,  Stcggerda  has  shown  a  decrease  of  from  6-23%  in 
water  content  between  the  colonic  and  rectal  ends  of  the  stool  (17,  18).  In- 
dividual stool  water  content  in  the  colonic  end  ranged  from  70.18%  to  85.58% 
and  in  the  rectal  end  from  62.60%  to  76.66%. 

Holt  and  co-workers  correlated  stool  water  content  with  descriptive  terms 
1 19).  The  infants  were  on  various  diets  and  between  four  and  thirteen  months 
of  age.  Normal  and  diarrheal  stool  water  percentages  have  been  reviewed  by 
Weil  and  Wallace  (20).  Normal  stools  were  reported  to  have  80%  (19),  82% 
(20)  and  88%  (21)  with  a  range  of  73%  to  85%  water  according  to  Holt  (19) 

TABLE  V 


Fatty  Acid  Composition  {Cone.  67  Calories/100  ml — 30  Calories/oz) 


B 

P 

R 

v 

w 

X 

Fat  w/v  

3.8 

2.8 

2.66 

3.4 

3.7 

3.0 

Fatty  Acids  % 

Saturated  

47 

60 

61 

48 

44 

35 

Unsaturated  

53 

40 

39 

52 

56 

65 

B — Breast  milk  V — Simulated  breast  millv 

P — Carbohydrate-modified  cow's  milk  formula    W — Simulated    breast    milk,  difierent 

R — Evaporated  milk,  dextri -maltose  formula  brand 

X — Formula  with  intermediate  fat  and 
protein  content 


who  classified  88%  to  92%  as  "loose."  "Very  loose"  or  diarrheal  stools 
contained  93%  (19),  95%  (21)  and  97%  (22)  water. 

We  have  shown  that  there  is  a  marked  variation  in  the  percentage  of  water 
in  the  individual  stool  in  the  immediate  neonatal  period.  It  increased  in  the 
"transitional"  period  regardless  of  the  baby's  feeding  regimen  even  if  formula 
concentration  was  not  increased  rapidly. 

Artificial  preparations  have  come  and  gone  since  Powers'  tabulation  (23). 
Our  results  indicate  no  correlation  between  total  protein,  fat  or  carbohydrate 
in  the  feeding  on  the  one  hand  and  individual  stool  water  percentage  on  the 
other.  The  mineral  content,  protein  composition  and  the  type  of  fat  in  the  diet 
may  be  important.  The  feeding  of  milk  containing  a  higher  percentage  of 
saturated  fatty  acids  was  associated  with  the  higher  stool  water  percentage 
(Tables  IV  and  V). 

The  importance  of  the  type  of  fat  in  the  diet  has  been  noted  by  Davidson 
(24)  and  Sweeney  (25).  Unsaturated  fatty  acids  enhanced  fat  absorption 
whereas  saturated  fatty  acids  seemed  to  increase  fat  excretion. 

We  have  some  evidence  that  age  up  to  ten  weeks  does  not  play  an  important 
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role  in  determining  stool  water  content.*  Babies  were  fed  the  milk  prepara- 
tions listed  above.  Their  stool  water  content  was  found  not  to  vary  with  age 
but  according  to  the  type  of  milk  fed  so  that  the  range  and  average  conformed 
to  the  values  already  re|)orted  (unpublished  data).  A  decrease  in  stool  fre- 
cjuency  with  advancing  age  of  the  baby  has  been  reported  (,26). 

.SUMMARY 

The  water  percentage  of  inchvidual  stools  from  newborn  babies  was  analyzed. 
Babies  were  breast  fed  or  fed  various  artificial  milk  preparations.  They  were 
studied  in  groujis  according  to  age,  (3  and  4  day  old  babies  and  babies  5  days 
old  and  old(n-) ,  type  of  feeding,  and  formula  concentration  (45  calories  per  100 
ml  and  67  calories  per  100  mil. 

Results  show: 

1.  A  wide  range  of  stool  water  percentage  at  all  ages  on  all  feedings. 

2.  Significantly  lower  water  percentage  in  meconium  than  in  subsequent 
transitional  stools  studied  up  to  the  eighth  day  of  life. 

3.  A  statistically  significant  decrease  in  stool  water  percentage  in  breast- 
fed babies  after  the  fourth  day  of  life. 

4.  Formula  concentration  (within  the  limits  of  our  study)  did  not  seem  to 
influence  stool  water  percentage  significantly. 

5.  After  the  fifth  day  significant  differences  were  observed.  JMilks  with  higher 
percentages  of  saturated  fatty  acids  were  accompanied  by  higher  individual 
stool  water  percentages;  hence  the  type  of  fat  in  the  formula  may  be  important. 
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riie  Buirei'ilig  Ca|)a<'ity  of  Infants'  Skins  Against 
an  Alkaline  Soap  and  a  Neutral  Detergent 

SAMUEL  M.  PECK,  M.D.,  and  ISAIAH  S.  BOTWINICK,  Ph.D. 
New  York,  N.Y. 

There  is  relatively  little  in  the  literature  on  the  pH  studies  of  the  skin  surface 
in  infants.  No  report  has  appeared  on  the  buffering  capacity  of  their  skin 
against  alkalies. 

This  study  attempts  to  evaluate  the  bufferina;  capacity  of  the  skin  of  infants 
against  an  alkaline  soap  and  a  neutral  detergent.  Observations  elicited  from 
such  a  study  may  have  physiologic  and  therapeutic  implications. 

M.\TERIALS  AND  METHODS 

Twenty-five  white  infants  ranging  in  age  from  two  weeks  to  twenty-four 
months  were  studied.  Ten  babies  were  two  to  eight  weeks  of  age  and  fifteen 
were  two  months  to  twenty-four  months  of  age. 

1.  A  neutral  detergent  bar  consisting  of  an  anionic  detergent  (acyl  isethionate 
made  by  the  condensation  of  sodium  isethionate  and  fatty  acids),  a  fatty 
emollient,  a  plasticizer,  perfume  and  other  minor  ingredients. 

2.  Toilet  Soap  "A,"  a  well-known  soap  bar  consisting  of  a  salt  of  a  weakly 
ionized  fatty  acid  and  a  strongly  ionized  alkali. 

3.  A  Beckman  Model-G  pH  meter  was  used.  Fresh  batteries  were  installed 
and  a  new  combination  flat  bulb  glass  electrode,  Beckman  No.  39182,  was  used 
with  thirty-six  inch  leads.  This  specific  electrode  was  designed  by  Beckman 
Instruments  for  surface  pH  measurements  such  as  skin  pH.  In  order  to  measure 
pH  accurately  it  is  necessary  to  use  a  glass  electrode  constructed  of  pH  sensitive 
glass  rather  than  a  metallic  electrode.* 

4.  Continuously  throughout  this  study  before  any  measurements  were  made, 
the  instrument  and  electrode  were  standardized  with  three  known  reference 
buffers.  The  three  buffer  solutions  used  had  the  following  pH  values:  pH  4.0, 
pH  6.0,  and  pH  10.0.  Three  hundred  milliliters  of  a  2%  weight  volume  solution 
were  prepared  of  the  neutral  detergent  bar  and  of  Toilet  Soap  "A."  The  pH 
values  of  the  2%  solutions  were  as  follows: 


2%  Detergent  solution  

2%  Toilet  soap  solution  

Distilled  water  used  to  make  the  solutions 


pH  6.99t 
pH  10.20t 
pH  6.79t 


5.  In  order  to  apj^ly  the  2%  soap  solutions  and  the  distilled  water  to  the 
infants'  skins,  Dupont  cellulose  sponges  measuring  two  inches  by  two  inches 

From  the  Department  of  Dermatology,  The  Mount  Sinai  Hospital,  New  York,  N.Y. 
*  Communication  from  Beckman  Instrument  Co. 
t  Corrected  pH.  Correction  temperature: 

18°C  (291°K)  =  Ti       20°C  (293°K)  =  To 

T  =  T,  -  Ti  =  20      pH  correction  =  0.04 
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by  one-li;iIf  incli  \V(M'c  used.  The  average  diy  w(M<!;lit  of  water  or  soap  solution 
al)sorl)e(l  by  each  s])on<2;e  was  34.7  grams. 

6.  Three  (hfferent  areas  of  the  infants'  skins  were  used.  The  vohii-  sui'face 
of  the  I'ight  forearm  was  used  for  the  application  of  the  2%  soap  solution.  The 
\-ohir  surface  of  the  right  upper  arm  was  used  lor  the  api)lication  of  the  distilled 
water.  The  volar  surface  of  the  left  foi-earm  was  used  for  the  application  of  the 
2%  detergent  solution. 

7.  pH  readings  were  made  of  the  tlu'ce  aivas  of  the  infants'  skins  first  using 
a  few  droj)s  of  distilled  water.  The  values  so  ol)tainetl  were  rei:)orted  as  base 
levels  for  these  three  areas.  The  test  solutions  or  distilled  water  were  applied  to 
their  respective  skin  sites  using  individual  cellulose  sponges.  The  sponges  were 
>queezed  as  completely  as  possible  over  the  site  to  insure  uniform  application 
with  all  subjects.  pH  readings  were  made  immediately  after  the  application  of 
the  test  solutions.  The  three  skin  sites  were  kept  continuously  moistened  with 
their  respective  solutions  for  fifteen  minutes. 

8.  Again  pH  readings  were  made  of  the  three  skin  sites.  The  areas  w^ere  dried 
with  separate  facial  tissues  and  pH  readings  were  again  made  of  the  sites.  pH 
I'eadings  were  now  made  of  each  area  at  the  following  time  intervals: 

15  minutes  after  drying  skin  site 

30  minutes  after  drying  skin  site,  and 

60  minutes  after  drying  skin  site. 

In  total  seven  individual  readings  were  made  of  each  skin  site: 

1.  Base  level. 

2.  Wet  initially  w'ith  test  solution  or  distilled  water. 

3.  Wet  for  15  minutes  with  the  test  solution  or  distilled  w^ater. 

4.  Dry  (the  skin  sites  were  dried). 

5.  15  minutes  after  drying  skin  site. 

6.  30  minutes  after  drying  skin  site. 

7.  60  minutes  after  drying  skin  site. 

RESULTS 

The  pH  of  the  skin  on  the  volar  right  upper  arm  A-aried  from  4.3  to  5.6.  The 
pH  on  the  volar  surface  of  the  left  forearm  varied  from  4.1  to  5.9.  The  pH  on 
the  volar  surface  of  the  right  forearm  varied  from  4.3  to  5.4.  There  seems  to  be 
no  influence  on  the  pH  of  the  age  and  sex  in  the  group  studied  here.  The  great 
majority  showed  a  pH  under  5. 

Table  I  and  Figure  1  summarize  our  study  of  the  buffering  capacity  of  the 
infants'  skin.  After  application  of  the  alkaline  soap  solution  there  was  an  average 
maximum  rise  of  pH  8.77.  In  25  trials  or  78%  of  the  total  trials  the  skin  sites 
to  which  the  soap  solution  was  applied  rerjuired  more  than  60  minutes  to  return 
to  their  basic  levels. 

When  the  neutral  detergent  was  applied  there  was  a  rise  in  pH  to  6.67  in 
15  minutes.  In  comparison  to  the  action  of  the  alkaline  soap  solution  only  6% 
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of  the  trials  or  2  of  the  skin  sites  to  which  the  detergent  sohition  was  apphed 
required  more  than  60  minutes  to  return  to  their  base  level  (Table  I).  Or  it  may 
be  said  that  in  29  trials  or  91%,  the  skin  sites  to  which  the  neutral  detergent 
solution  was  applied  returned  to  their  base  levels  within  60  minutes  or  less; 

TABLE  I 


pH  ValiusOblaincdon  Infants'  Skins  Before,  During,  and  After  A  ppli cation  of  Test  Solutions* 

(32  Trials  on  25  Infants) 


Base 
Level 

Wet 
Initially 

Wet  15 
min. 

Dry 

Dry  15 
min. 

Dry  30 
min. 

Dry  50 
min. 

Toilet  Soap  "A"  (volar  sur- 

4.77 

8.82 

8.77 

7.32 

6.38 

5.81 

5.27 

face  of  right  forearm) 

Neutral  Detergent  Bar  (volar 

4.78 

0.71 

6.67 

5.75 

5.24 

4.95 

4.73 

surface  of  left  forearm) 

Distilled  Water  (volar  sur- 

4.69 

4.71 

4.70 

4.70 

4.71 

4.70 

4  69 

face  of  right  upper  arm) 

*  pH  values  are  average  readings. 


TIME  IN  MINUTES 

Fig.  1.  Length  of  time  required  for  pH  of  infants'  skins  to  return  to  base  level  after 
application  of  various  soap  solutions  and  distilled  water. 


whereas  the  skin  sites  to  which  the  soap  solution  was  applied,  only  7  or  22% 
returned  to  their  base  levels  within  60  minutes  or  less. 

Since  no  apparent  differences  on  the  pH  values  could  be  noted  in  l)al)ies  in  the 
two  to  eight  week  grouj)  and  the  babies  in  the  two  months  to  twenty-four  months 
group,  the  data  was  combined  and  summarized  in  Table  I  and  Figure  1. 
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COMMFNT 

Bear,  C'heescinan  et  al.  I  1 )  have  confirmed  the  observations  of  Belirendt  and 
Greene  (2)  that  the  pH  of  the  skin  surface  of  tlie  newborn  was  more  alkaline 
appi'oximately  6.77  on  the  first  day,  6.27  on  the  s(>cond  day,  6.03  on  (he  third 
day,  6.12  on  the  fourtli  day,  5.86  on  the  fifth  day,  5.93  on  the  sixth  day,  6.01  on 
the  seventh  day  and  6.06  on  the  eighth  day.  They  indicated  that  the  pH  of  the 
skin  surface  is  likely  to  be  highest  on  the  first  day  then  falls  to  a  minimum 
about  the  fifth  day  and  then  rises  slightly  thereafter. 

Behrendt  and  Greene  (2 1  concluded  that  during  the  first  two  days  of  life 
about  50%  of  the  infants  have  abnormally  alkaline  reactions  although  this  de- 
creases so  that  by  the  end  of  the  first  week  most  have  a  normal  acid  skin  pH. 

We  noted  no  difference  in  the  pH  values  of  the  skin  in  the  areas  which  wc 
studied,  between  the  babies  from  two  weeks  to  twenty-four  months  of  age. 
A])parently  in  our  age  group  the  pH  of  the  skin  surface  was  comparable  to  that 
of  the  adult.  There  seems  to  be  a  greater  strain  on  the  buffering  capacity  of  the 
skin  when  the  soap  solution  of  about  pH  10  is  used  than  when  a  neutral  detergent 
of  about  pH  7  is  used.  Frequent  use  of  soap  in  washing  especially  when  the  buffer- 
ing capacity  is  reduced  may  explain  intolerance  of  infants  to  soap. 

SUMMARY 

The  pH  on  tlie  skin  on  the  arras  of  infants  two  weeks  to  twenty-four  months 
of  age  is  approximately  the  same.  The  great  majority  showed  a  pH  under  5  and 
ranged  from  a  pH  of  4.1  to  5.9.  There  seemed  to  be  no  influence  of  the  age  and 
sex  on  the  pH  of  the  group  studied. 

Immediately  after  washing  with  a  soap  solution  of  about  pH  10,  the  pH  of 
the  dried  skin  rose  an  average  of  2.55  units  in  contrast  to  a  pH  rise  of  only  0.97 
units  right  after  the  use  of  a  neutral  detergent. 

In  75%  of  the  total  trials  the  skin  sites  to  which  the  soap  solution  was  applied 
required  more  than  60  minutes  to  return  to  their  respective  base  levels.  When 
the  neutral  detergent  solution  was  applied  only  6  of  the  skin  sites  failed  to  re- 
turn to  their  base  levels  in  60  minutes  or  less. 
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Dyspnea,  Cyanosis  and  Chest  Pain  in  a  Y<mn»  Woman 

Edilcd  by 
FENTON  SCHAFFNER,  M.D. 
New  York,  N.Y. 

A  31  year  old  white  housewife  was  admitted  to  The  Mount  Sinai  Hosjiital 
for  the  seventh  time  because  of  severe  dyspnea  for  four  years. 

She  was  well  until  the  age  of  27  years  when,  after  the  birth  of  her  bal)y,  she 
noted  the  onset  of  dysjinea  and  pressure  in  the  left  chest  and  arm  following 
exertion.  She  also  developed  a  noni)roductive  cough  and  reriuired  several  pillows 
to  sleep  at  night.  X-rays  revealed  haziness  in  both  lung  fields  and  an  electro- 
cardiogram showed  right  ventricular  hyi)ertrophy  and  right  axis  deviation.  The 
patient  was  started  on  steroids  with  slight  improvement  in  exercise  tolerance 
but  with  a  25  pound  weight  gain,  rounding  of  the  face  and  alxlominal  striae. 
After  several  months,  the  medication  was  discontinuecl  and,  within  two  w^eks, 
dyspnea  and  chest  pain  recurred.  The  ]iatient  had  no  fever  or  pleuritic  pain  and 
no  pertinent  past  or  family  history.  She  had  one  child  who  was  well. 

Cushingoid  features  were  apparent  on  examination.  Pulse  was  112/min.  and 
regular;  respirations  14/min.;  and  blood  pressure  130/100.  The  heart  was 
enlarged.  A  presystolic  gallop  was  best  heard  along  the  left  sternal  border.  Po 
was  greater  than  Aj .  No  murmurs  were  heard.  The  lungs  were  clear.  The  liver 
was  tender  and  its  edge  was  felt  two  fingerbreadths  below  the  right  costal  margin. 
Slight  pitting  edema  of  the  ankles  was  noted.  No  cyanosis  or  clubbing  was  seen. 

Pertinent  laboratory  tests  are  in  Table  I.  Electrolytes,  calcium,  phosphorus, 
urea  and  sugar  were  all  normal  and  remained  so  throughout  the  subseciuent 
hospital  admission.  The  results  of  liver  function  tests  were  normal.  Many  lupus 
preparations,  Kveim  test,  latex  fixation,  cyroglobulin  test,  tuberculin  and  histo- 
plasmin  skin  tests,  and  the  serology  were  negative.  No  significant  number  of 
red  blood  cells  and  no  abnormality  of  the  white  blood  count  or  bone  marrow 
except  for  a  left  shift  were  noted.  Serum  electrophoresis  was  normal,  as  was 
urinary  5HIAA  excretion. 

Chest  x-ray  showed  interstitial  infiltration  of  both  lung  fields,  more  pro- 
nounced in  the  bases.  The  diaj^hragms  were  not  depressed.  The  heart  size  was  at 
the  upper  limit  of  normal.  The  pulmonary  artei'y  segment  was  prominent.  No 
emjihysematous  blebs  or  hilar  adenopathy  were  seen.  The  dorsal  spine  was  nor- 
mal. An  electrocardiogram  showed  a  regular  rate  of  110  min..  peaked  P  in  2,  3 
and  aVF,  RSR'  in  Vi  ,  tall  R  and  deep  S  in  Vo.e  ,  and  T  inverted  or  diphasic  in 
Vi.4  .  Pulmonary  function  tests  showed  evidence  of  an  alveolar-capillary  block. 

The  patient  imjiroved  on  bed  rest  and  left  the  hospital  after  five  days.  She 
was  placed  on  digoxin  and  chlorothiazide.  Her  symi)toms  did  not  progress  for 
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two  years,  at  the  end  of  which  time  she  was  readuiitted  for  evaluation.  Amcnor- 
I  hca  had  been  present  for  about  seven  months.  The  ])atient  was  tachypneic 
with  resi)irations  of  27  min.  The  bh)()d  |)i'cssui'e  was  110/70.  No  cyanosis  nor 
chibbino;  was  present.  Some  liepatojuguhir  refle.x  was  elicited.  Bibasilar  rales 
were  heard  in  the  chest  which  increased  on  deej)  inspiration.  P2  was  much 
h)uder  than  Aj  and  split.  A  loud  systolic  niui'iiiur  was  heai'd  alon<^  the  left  sternal 
bordi'r.  The  rest  of  the  examination  was  the  same  as  two  years  earlier.  Gyneco- 
logical examination  disclosed  no  abnormalities. 

Venous  pressure  was  170  nun  with  a  rise  to  200  nun  on  pressui'e  over  the  liver. 
Decholin  circulation  time  was  18  sec.  Pertinent  lal)oratory  data  are  in  Table  I. 


TABLE  I 
Pertinent  Laboratory  Data 


3rd  .Admission 

1st  Ad- 

2nd 

4th 

5th  Ad- 

6th 

7th 

mission 

Admission 

Pre- 
operative 

Post- 
operative 

Admission 

mission 

Admission 

Admission 

(after  2 
yrs) 

(after 

6  mos) 

(after  6 
mos) 

(after  4 
mos) 

(after  1 
mo) 

(after  1 
mo) 

Hi'inatncrit  (%) 

52 

52 

31.5 

57 

52 

59 

Heinofilohin  (Gm%) 

15.2 

15. G 

16.7 

10 

16.2 

16.2 

14.4 

15.9 

WBC/mni^ 

9,900 

13,500 

13,000 

19,000 

12,750 

8,250 

13,000 

13,000 

ESR  (mm/hr) 

22 

7 

10 

22 

30 

20 

CO.  (mEq/L) 

22.5 

24.2 

28.2 

24 

23.2 

23.7 

34.6 

17.8 

.Klhuinin  (Gm%) 

4.0 

3.9 

4.1 

4.0 

4.0 

(llobiilin  (Gm%) 

3.0 

3.5 

3.9 

3.3 

2.5 

Alkaline  Phosphatase 

7.6 

10.3 

19.4 

22.4 

(KAU) 

I'ric  Acid  {mg%) 

6.4-11 

9.8 

.Vlbuniinuria 

tr 

0 

+ 

tr 

2+ 

tr 

2+ 

tr 

Urine  WBC 

8-10 

0-2 

0-2 

2-3 

6-8 

occ 

2-4 

0-1 

Chest  x-ray  was  unchanged  except  that  the  heart  was  somewhat  larger  and  the 
pulmonary  segment  more  jM-ominent.  Electrocardiogram  was  unchanged.  After 
the  studies  were  completed,  the  patient  was  sent  home.  She  was  well  for  six 
months  after  which  she  suddenly  began  gaining  weight  and  severe  dyspnea 
recurred.  Mercuhydrin  gave  some  relief.  A  week  later  she  developed  right  upper 
quadrant  pain  and  anorexia  requiring  narcotics.  This  pain  was  colicky  and 
j  radiated  to  the  back.  Because  this  did  not  go  away,  the  patient  was  admitted  for 
the  third  time.  The  amenorrhea  continued.  On  examination  slight  cyanosis  was 
seen  but  the  patient  could  lie  comfortably  in  bed.  No  clubbing  was  present.  The 
systolic  murmur  was  judged  to  be  louder  and  increased  with  respiration.  It  was 
'heard  all  over  the  precordium  and  did  not  radiate  to  the  axilla.  The  lungs  were 
clear.  The  liver  was  enlarged  and  tender  as  before  with  more  tenderness  in  the 
j  gallbladder  area. 

The  pertinent  laboratory  data  are  in  Table  L  Chest  x-ray  was  unchanged. 
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GallMaddor  x-rays  showed  faint  visualization  and  many  small  somewhat  calci- 
lied  stones.  No  significant  change  was  seen  in  the  electrocardiogram.  Venous 
pressure  was  175  mm  with  an  increase  to  215  mm  on  hepatic  pressure,  and 
circulation  time  was  22  sec.  Because  of  persistence  of  right  upjier  quadrant  colic 
and  a  slightly  increased  serum  bilirubin,  a  cholecystectomy  was  performed  and 
a  thickened  gallbladder  containing  stones  was  removed.  Postoperatively  she  did 
well  except  that  serum  bilirubin  rose  gradually  to  5.1  mg%  with  about  half 
conjugated.  Leukocytosis  and  increased  serum  activity  of  alkaline  phosphatase 
occurred  simultaneously.  On  the  fifth  postoperative  day,  she  experienced  some 
right  upper  ciuatlrant  pain,  nausea,  and  temperature  elevation.  This  persisted 
for  two  days,  subsided,  and  recurred  on  the  tenth  postoperative  day.  Hemoglobin 
dropped  sharply  although  the  Coombs  test  was  negative.  This  improved  slowly 
as  the  symptoms  subsided  and  the  patient  returned  home  on  the  sixteentli  jiost- 
operative  day  on  Chloromycetin.  She  also  took  chlorocjuine,  digoxin  and  Hydro- 
diuril. 

While  home  she  developed  symptoms  of  gout  and  was  also  given  colchicein. 
The  patient  noted  recurrent  fever  and  splcuritic  chest  pain  particularly  on  the 
left  side  with  some  radiation  to  the  left  arm.  Because  of  several  severe  attacks 
of  these,  she  was  readmitted  six  months  after  her  last  discharge.  Vital  signs 
were  as  on  previous  admissions.  Cyanosis  was  seen  but  no  clubbing.  Basilar 
rates  and  rhonchi  were  heard.  In  addition  to  the  harsh  systolic  murmur  jjrevi- 
ously  noted,  a  thrill  was  felt.  The  liver  was  slightly  enlarged  and  tender.  The 
remainder  of  the  physical  findings  was  unchanged.  The  patient  was  placed  on 
anticoagulant  therapy  and  despite  mild  l)rief  hyjiotensive  ejiisodes  with  chest 
pain,  she  gradually  improved  and  went  home  after  ten  days. 

At  home  she  developed  episodes  of  severe  dyspnea  and  right  ujij^er  ciuadrant 
pain  requiring  frequent  injections  of  narcotics  and  not  relieved  by  oxygen  inhala- 
tions. After  four  months  she  was  admitted  to  the  hosjiital  for  the  fifth  time  be- 
cause the  symptoms  were  getting  worse.  Cyanosis  was  present.  The  lungs  were 
clear.  Blood  pressure  was  100/70  and  the  heart  rate  was  120/min.  The  harsh 
systolic  murmur,  now  described  as  crescendo  in  type,  was  loudest  over  the 
xiphoid  and  transmitted  to  the  axilla.  The  rest  of  the  physical  findings  were 
unchanged.  Laboratory  data  are  in  Table  L  Chest  x-ray  indicated  increase  in 
the  pulmonary  infiltration  and  further  enlargement  of  the  pulmonary  arteries. 
An  abdominal  film  showed  calcifications  in  the  iliac  arteries  but  no  other  abnor- 
malities. Electrocardiogram  did  not  change  significantly.  The  patient  improved 
on  sedation  and  she  was  discharged  in  five  days  still  taking  anticoagulants, 
digoxin  and  Diamox,  in  addition. 

The  patient  developed  weakness,  ptdjiitations,  and  increasing  dyspnea  neces- 
sitating rehospitalization  within  a  month.  No  significantly  difi'erent  physical  or 
laboratory  findings  were  obtained.  The  patient  was  started  on  prednisone  40  mg 
a  day  and  this  was  reduced  to  20  mg  a  day  before  the  patient  was  discharged  on 
the  sixth  day.  Despite  all  the  auscultatory  findings,  ])honocardiography  revealed 
only  a  short  late  diastolic  low  intensity  murmur  of  uncertain  significance  in  the 
pulmonic  area. 
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While  home  the  i)atient  be<^un  to  be  confusefl,  letharjfic,  and  increasingly 
dyspneio.  She  was  readmitted  for  the  seventh  and  last  time  after  a  nioiith.  Blood 
pri'ssure  was  92/70,  respirations  36/min.,  pulse  9()/min.  and  tenipei'atui-e  normal. 
She  was  cyanotic  but  had  no  clubbing.  The  neck  veins  were  distended.  The 
expiratory  excursion.s  of  the  chest  were  shallow.  Bilateral  crepitant  I'ales  were 
Ilea  I'd.  The  heart  was  not  greatly  enlarged.  A  loud  systolic  uun'mur  was  heard 
loudest  over  the  lower  sternum.  It  seemed  to  carry  over  into  diastole.  Sti'iae 
were  on  the  abdomen.  The  liver  edge  was  down  4  to  5  fingerbreaths.  The  organ 
w  as  tender  and  hepatojugular  reflux  was  noted.  Pedal  edema  was  present.  The 
morning  after  admission  the  patient  developed  vasomotoi'  colhqjse  which  did 
not  respond  to  Levophed,  intravenous  steroids,  or  a  Bird  respirator.  She  died 
after  one  day  in  the  hospital  and  four  years  after  the  onset  of  symptoms. 

Dr.  Mortinter  E.  Bader" :  The  patient  had  artei'ial  blood  studies  which  are  not 
in  tlie  protocol.  The  findings  in  the  patient  when  first  seen  were  oxygen  content 
16,3  vol%,  capacity  21.0.  which  was  slightly  elevated,  and  arterial  oxygen  satu- 
ration 79%.  COo  values  were  low,  due  to  the  fact  that  she  was  hyperventilating. 
These  findings  are  rather  characteristic  for  either  an  alveolar-capillai'y  block 
syndrome  or  a  pulmonary  A-V  shunt.  The  fact  that  she  was  hyperventilating 
is  more  in  favor  of  the  former.  The  studies  of  the  diffusing  capacity  are  most 
compatible  with  an  alveolar-capillary  block  syndrome  in  that  there  is  well- 
preser\'ed  maximum  breathing  capacity  without  any  evidence  of  COo  retention 
— indeed,  a  lower  value  than  normal  for  CO2  was  present. 

Since  this  illness  followed  immediately  or  shortly  after  a  pregnancy,  the 
possibility  of  recurrent  pulmonary  embolism  has  to  be  considered  as  well  as  the 
alveolar-capillary  block  syndrome.  The  alveolar-capillary  block  syndrome  is 
characterized  clinically  by  bibasilar  rales  in  the  chest,  tachypnea,  and  hyperpnea, 
roentgenologically  by  a  small  chest  volume,  and  physiologically  by  the  findings 
of  a  well-preserved  residual  volume/total  cajiacity  ratio,  an  increase  in  the  work 
of  breathing,  reduction  in  diffusion  capacity  of  the  lungs,  a  decrease  in  pulmonary 
compliance,  and  a  jierfectly  well-maintained  airway  with  resistance  in  the 
normal  range. 

This  physiological  definition  of  this  syndrome  offers  a  springboard  for  differ- 
ential diagnosis  in  this  case  because  many  diseases  are  included  in  this  physio- 
logical syndrome.  Actually,  an  even  larger  variety  have  been  described  causing 
interstitial  infiltrations  but  not  all  of  these  have  had  physiological  studies  and 
perhaps  some  of  them  would  also  demonstrate  an  alveolar-capillary  block 
syndrome. 

For  the  sake  of  completeness,  but  not  because  I  consider  them  seriously,  one 
should  mention  gas  poisoning  such  as  phosgene,  sulfur  dioxide,  silo-filler's 
disease  due  to  oxides  of  nitrogen  and  moldy  forage,  and  farmer's  lung.  None  of 
these  needs  to  be  considered  seriously. 

Pneumoconioses  due  to  mineral  agents  such  as  beryllium,  asbestos  or  j^ossibly 
talc,  do  not  play  a  significant  role. 

*  Associate  Attending  Phy  sician,  The  Mount  Sinai  Hospital,  I^ew  \ork,  NA . 
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We  miglit  look  at  the  x-rays  at  this  time. 

Dr.  Mansho  T.  Khihiani* :  Over  a  period  of  three  years,  very  little  ehange 
was  noted  except  that  the  size  of  the  heart  increased.  The  chart  uses  the  term 
"interstitial  jirocess"  to  describe  the  lung  fields  and  it  is  an  interstitial  process 
but  it  was  forming  a  sort  of  a  cystic  or  so-called  honeycomb  lung.  It  did  not  have 
the  patchy  infiltrations  that  accomjiany  silicosis  or  silico-tuberculosis  or  even 
nodular  infiltrations  of  miliary  tuberculosis.  The  heart  had  a  rounded  body 
contour  which  was  primarily  right  ventricular  enlargement.  The  volume  of  the 
lung  was  not  increased.  Tlie  diaphragms  wei'e  not  depressed.  There  were  no  large 
blebs. 

This  process  could  have  developed  on  the  basis  of  various  types  of  granuloma 
or  some  form  of  interstitial  fibrosis  or  interstitial  myomatosis.  From  the  x-ray 
point  of  view,  it  is  hard  to  tell  with  certainty.  The  only  thing  we  can  say  is 
that  this  is  a  honeycomb  lung.  The  x-rays  also  showed  biliary  calculi  which  did 
not  appear  to  be  pigmented  stones.  There  was  nothing  in  the  spine,  and  the 
kidneys  were  normal.  The  liver  was  of  normal  size. 

Dr.  Bader:  Having  eliminated  gases  and  pneumoconioses,  we  have  to  consider 
the  possibility  of  certain  infectious  processes  which  could  be  responsible.  These 
would  include  miliary  tuberculosis,  which  we  have  just  heard  Dr.  Khilnani  say 
is  not  very  likely  from  this  ajipearance,  but  one  cannot  always  exclude  it  on 
x-ray  grounds.  The  absence  of  the  fel)rile  course  and  the  presence  of  the  negative 
tuberculin  test  tend  to  rule  that  out. 

Aliliary  carcinomatosis  is  a  possibility,  but  the  duration  of  the  disease  is 
strongly  against  that  explanation.  In  connection  with  malignancies,  I  might 
mention  that  occasionally  this  tYY>e  of  syndrome  may  be  seen  with  pulmonary 
adenomatosis,  but  the  sjuitum  production  in  those  cases  is  enormous,  and  it  is 
not  so  described  here. 

Radiation  fibrosis  can  produce  an  interstitial  disease  process  with  alveolar- 
capillary  block,  but  there  was  no  radiation  in  this  case. 

This  brings  us  to  that  large  group  of  cases  of  unknown  origin  which  include 
sarcoid  granulomas.  Sarcoidosis  would  have  to  be  considered  in  any  case  of 
interstitial  disease.  We  have  no  evidence  of  hyperglobulinemia,  and  calcium  was 
normal.  Also  a  Kveim  test  was  normal  so  that  if  this  is  sarcoidosis,  I  do  not 
know  how  the  diagnosis  could  be  made  in  the  absence  of  a  biopsy  of  the  lung 
with  these  other  findings  being  normal. 

In  diffei-ential  diagnosis  in  this  type  of  process,  I  might  stress  that  a  scalene 
bio]isy  and  a  lung  l)iopsy  are  almost  mandatory  in  many  instances  unless  col- 
lateral clinical  evidence  gives  some  clue  to  the  etiology. 

We  would  have  to  consider  the  possibility  of  progressive  pulmonary  sclero- 
derma. Pulmonary  invoh-ement  with  scleroderma  in  the  absence  of  the  con- 
ventional changes  of  the  skin  has  been  reported,  but  it  certainly  is  an  infrequent 
event  to  find  isolated  jiulmonary  involvement.  In  most  of  these  cases  reported 
where  it  was  present  prior  to  the  appearance  of  skin  lesions,  skin  lesions  did 

♦Associate  Attending  Radiologist,  The  Mount  Sinai  Ho.spital,  New  York,  N.Y. 
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become  in;inifest  before  the  patient  died,  so  it  is  safe  to  say  that,  in  the  absence 
of  associated  skin  lesions,  if  sclei'odernia  is  i)rcsent,  it  would  l)e  a  novel  case. 

Anionp;  the  othei'  so-called  collasen  disorders,  periarteritis  nodosa  does  not 
usually  i)roduce  a  lesion  like  this.  It  is  associated  with  eosinojihilia,  hyper- 
ii;lol)ulinemia,  and  leukocytosis,  none  of  which  is  present  in  this  case,  so  that  I 
tliink  we  can  dismiss  it. 

Cardiac  disease  per  se  may  produce  an  interstitial  fibrosis  in  the  case  of 
mitral  stenosis  where  secondary  hemosiderosis  may  occui',  and  has  to  be  con- 
sidered. This  looked  like  a  mitral  heart  but  she  did  not  have  a  diastolic  inurmiu- 
of  significance.  She  is  described  as  having  a  faint  diastolic  murmur  in  the 
pulmonic  area,  which  would  have  represented  some  functional  judmonary  change. 
If  this  is  secondary  pulmonary  hemosiderosis,  it  is  unusual. 

Similarly,  atrial-septal  defects  have  been  known  to  produce  alveolar-  capillary 
!)lock,  but  she  had  no  history  of  any  murmur.  She  was  not  sick  \moY  to  her  preg- 
nancy, and  while  it  is  possible  that  a  mm-nuu'  was  previously  j^resent  but  picked 
up  for  the  first  time  subsequent  to  the  progressive  difficulties,  the  situation  here 
would  suggest  that  her  cardiac  enlargement  was  secondary  to  the  pulmonary 
jirocess,  and  not  vice  versa. 

This  raises  the  question  whether  she  had  primary  pulmonary  hemosiderosis. 
This  does  occur  in  adults  although  it  is  much  more  common  in  children.  One  out 
of  five  cases  occurs  in  adults  up  to  the  mid-forties.  Pulmonaiy  hemorrhage  is 
always  ])resent  so  that  we  can  easily  exclude  that  diagnosis. 

Now  we  come  to  some  of  the  rare  causes.  Histiocytosis-x  has  been  reported 
to  produce  a  typical  alveolai'-capillary  block  but  it  was  manifested  in  associa- 
tion with  characteristic  lesions  of  the  skull  and  other  organs.  It  is  often  associated 
with  diabetes  insipidus,  which  may  be  seen  with  Hand-Schiiller-Christian 
disease.  Unfortunately,  we  do  not  have  a  skull  film  here.  If  there  is  no  evidence 
elsewhere  pathologically  of  Hand-Schiiller-Christian  disease,  this  diagnosing 
is  difficult  because  there  is  nothing  etiologically  significant  in  the  interstitial 
fibrotic  process  in  the  lung.  Even  if  a  lung  biopsy  had  been  done,  the  diagnosis 
could  not  be  proved.  Eosinophilic  pneumonia  is  ruled  out  by  the  absence  of 
eosinophilia.  Eosinophilic  granuloma,  which  is  believed  by  many  to  be  a  variant 
of  the  Hand-Schiiller-Christian  syndrome,  has  been  reported  to  cause  this 
syndrome  but  I  have  no  evidence  for  that  diagnosis  in  this  patient. 

That  leaves  two  main  classes  of  disease,  so-called  Hamman-Rich  syndrome 
(interstitial  fibrosis)  and/or  granulomatosis  of  unknown  etiology,  and,  also, 
recuri'ent  jnUmonary  embolism.  There  may  be  several  diseases  included  in 
interstitial  fibrosis  without  apparent  etiology. 

The  newer  ones  which  arc  included  as  causes  of  interstitial  disease  are  rheuma- 
toid lung,  except  our  patient  had  no  arthritis,  or  lupus  erythematosus,  but  this 
is  unlikely  by  virtue  of  the  absence  of  collateral  clinical  manifestations.  Primary 
pulmonary  hypertension  can  be  dismissed  because  lung  function  is  always  nor- 
mal and  the  lung  picture  is  essentially  normal.  Primary  vascular  endosclerosis 
brings  us  back  to  the  age  of  Ayerza*  and  is  best  forgotten. 

*  Abel  Ayerza,  Argentine  physician,  1861-1918. 
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Wo  are  left  with  interstitial  fibrosis  of  unknown  origin,  which  could  nicely  he 
classified  as  Hamnian-Rich  (hsease.  The  microcystic  changes,  however,  are 
compatible  with  the  changes  described  in  histiocytosis-x,  sclerodei'nia,  and  a  few 
olhei'  conditions. 

One  diagnosis  that  I  (.lid  not  mention  is  niicroalveolar  lithiasis  which  can  be 
caused  by  x-rays,  but  we  will  forget  this. 

What  about  recurrent  pulmonary  embolism?  The  disease  started  immediately 
after  the  pregnancy.  By  virtue  of  destruction  of  the  vascular  bed  and  reduction 
of  the  diffusing  surface  of  the  lung,  a  reduced  diffusing  capacity  results.  Cases 
of  pulmonary  embolism  aie  reported  which  are  indistinguishable  from  alveolar- 
capillary  block,  and,  indeed,  the  issue  is  always  raised  whether  the  atherosclerotic 
changes  reflect  primary  pulmonary  hypertension  in  which  thrombosis  took 
place,  or  whether  thrombosis  took  jilace  in  the  lung  with  subseriuent  recanaliza- 
tion. 

I  was  curious  whether  amniotic  fluid  embolism  could  cause  chronic  disease, 
not  in  the  sense  that  it  could  keep  recurring,  but  whether  it  could  imitate  a 
fibrotic  reaction.  While  it  is  usually  fatal,  several  cases  are  believed  to  have  sur- 
vived. Such  a  case  is  described  in  which  a  syndrome  started  not  immediately  after 
pregnancy  but  within  a  few  months  and  progressed  to  full-blown  interstitial 
disease  of  the  lung. 

I  prefer  to  think  that  this  type  of  picture  is  not  what  one  would  see  with  re- 
current pulmonary  embolism,  and  I  am  left  with  a  diagnosis  of  interstitial 
fibrosis  of  unknown  origin,  or  Hamman-Rich  syndrome.  I  think  review  of  the 
causes  of  alveolar-capillary  block  syndrome,  as  has  been  discussed  here,  leaves 
one  without  collateral  clinical  evidence  for  another  diagnosis.  If  this  patient 
should  have  some  specific  etiological  diagnosis,  such  as  scleroderma  of  the  lung 
or  sarcoidosis,  I  do  not  believe  that  the  diagnosis  can  be  made  on  clinical  grounds. 
If  it  should  prove  to  be  a  new  entity,  causing  an  alveolar-capillary  block  syn- 
drome, then  I  will  have  learned  something. 

Dr.  Emanuel  Rubin" :  Thank  you  very  much.  Dr.  Bader,  for  an  illuminating 
and  certainly  complete  discussion  of  the  problems  which  puzzled  the  clinicians. 

Dr.  Louis  E.  Siltzbach'f :  I  saw  this  patient  twice,  and  I  would  like  to  add  one 
or  two  comments  about  the  case.  I  saw  her  initially  at  the  onset  of  her  illness. 
A  lung  biopsy  was  recommended  because  we  thought  she  had  Hamman-Rich 
disease  even  though  she  did  not  have  two  of  the  findings  which  occur  in  about 
75  per  cent  of  cases  of  long  standing,  namely,  clubbing  of  the  fingers  and  hyper- 
gammaglobulinemia. It  seemed  quite  apparent  that  we  were  dealing  with  an  in- 
terstitial lung  jirocess  but  since  we  lacked  the  other  diagnostic  leads  to  other 
conditions  that  Dr.  Bader  mentioned,  we  assumed  that  this  woman  had  a  so- 
called  Hamman-Rich  syndrome.  We  watched  her  develop  increasing  right  heart 
failure.  She  never  showed  any  evidence  of  pulmonary  embolization  or  of  pul- 
monary infarction.  We  also  felt  that  the  reticulation  and  the  microcysts  in  the 
lungs  were  quite  compatible  with  an  advancing  idiopathic  diffuse  pulmonary 

*  Assi.stant  Attending  Pathologist,  The  Mount  Sinai  Hospital,  New  York.  N.Y. 
t  Head,  Division  of  Thoracic  Disease,  Department  of  Medicine,  The  Mount  Sinai  Hos- 
pital, New  York,  N.  Y. 
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fibrosis  of  the  Haninian-Ricli  tyi)c'.  Wo  considci-cd  (he  miorocysts  as  i)rol)al)ly 
more  characteristic  of  a  Haiiunan-Rich  syiKh'oinc  than  of  ahnost  any  other  in- 
terstitial lung  disease  in  terms  of  relati\  <'  and  ahsohitc  frequency. 

The  second  time  that  I  saw  her  some  thi'ee  years  later  there  was  a  question  of 
whether  she  could  be  operated  upon  for  gallstones.  She  was  having  such  severe 
attacks  of  right  upper  quadrant  pain  an  empyema  of  the  gallbladder  was  con- 
sidered. At  this  time  we  felt  she  was  doing  so  well  as  far  as  her  lungs  were  con- 
cerned, that  operation  could  be  risked.  Patients  with  interstitial  lung  processes 
endure  anesthesia  much  better  than  do  patients  with  obstructive  lung  disease. 

I  would  like  to  call  to  your  attention  the  fact  that  the  domes  of  the  diaphragm 


Fig.  1.  Section  of  liver  .showing  enlarged  portal  tract  and  ductular  proliferation,  Trichronie 
(X  150). 

never  came  up  very  nuicli,  which  is  unusual  in  Hamman-Rich  syndrome,  but 
we  have  seen  normally  placed  diaphragms  occasionally  in  patients  with  idio- 
pathic interstitial  fibrosis  who  survive  as  long  as  this.  Those  whose  diaphragms 
ascend  rapidly  die  sooner. 

Dr.  Bader:  That  is  the  only  diagnosis  that  seems  reasonable,  in  the  absence 
of  any  other  findings,  but  it  will  probably  turn  out  to  be  wrong. 

Dr.  Rubin:  At  autopsy,  passive  congestion  affecting  many  organs  was  very 
prominent.  The  liver  showed  a  conspicuous  reticulated  pattern  characteristic 
of  passive  congestion.  In  the  centrolobular  zones  of  the  liver,  necrotic  cells 
were  replaced  by  red  cells  showing  that  this  was  a  process  of  long  standing.  The 
portal  tracts  showed  fibrosis  which  we  also  associated  with  chronic  passive  con- 
gestion of  the  liver  of  long  standing  (Fig.  1). 

The  spleen  was  moderately  enlarged  and  severely  congested. 
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The  kidneys  were  slightly  enlarged.  The  glomeruli  were  slightly  enlarged,  a 
finding  associated  with  cyanosis  of  long  standing. 

The  pancreas  showccl  circular  fibrosis  in  a  daisy  arrangement  which  is 
characteristic  of  severe  passive  congestion. 

In  the  heart,  the  left  ventricle  was  normal  and  there  was  no  evidence  of  any 
vah-ulai-  disease.  However,  as  was  expected  from  the  clinical  data,  the  right 


t 


Fig.  2.  Cross  sections  of  right  ventricle  (right)  and  left  ventricle  (left)  showing  severe 
right  ventricular  hypertrophy. 


heart  was  niarkedly  hypertrophied.  The  thickness  of  the  right  ventricle  was 
about  three  times  the  normal,  characteristic  of  extreme  cor  pulmonale  (Fig.  2), 
with  hypertrophied  myocardial  fibers.  She  had  a  moderate  myocarditis,  the 
etiology  of  which  is  not  entirely  clear.  Patchy  interstitial  fibrosis  of  the  right 
ventricle  was  found.  Whether  this  resulted  from  a  hypertrophy  of  the  right 
ventricle  outgrowing  the  blood  supply  or  from  a  chronic  myocarditis,  I  am  not 
prepared  to  say.  However,  it  did  not  affect  her  in  a  significant  manner,  because 
the  pathology  was  cei'tainly  isolated  and  patchy. 
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We  saw  on  the  surface  of  the  lung  numerous  small  vesicles.  These  small  cystic 
areas  were  diffusely  scattei'ed  over  the  surface  of  both  lungs  without  any  pi'edi- 
h'ction  foi'  either  luii,^  iioi-  any  focal  area. 

We  knew  as  soon  as  we  saw  these  lungs  and  from  the  clinical  history  that 
tlu'  ])athology  would  he  quite  interesting,  and  in  order  to  pi'cserve  the  structure 
of  the  lungs,  we  inflated  tlie  lungs  with  formalin  before  opening  them,  after 
which  we  bisected  the  lungs.  As  we  suspected  from  the  a|)|iearancc  of  the 
|ileural  surface,  the  entire  lung  was  involved  with  small  cysts,  with  no  part  of 
the  lung  spared  (Figs.  3  and  4).  The  numerous  small  cysts  were  of  varying 


Fig.  3.  Right  lung  bi.sected  after  inflation  with  formalin.  Note  diffuse  cystic  change. 

sizes,  some  reaching  2  centimeters  in  diameter,  but  most  were  only  a  few 
millimeters  in  diameter.  This  was  a  diffuse,  generalized,  cystic  disease  of  the 
lung,  which  was  generally  microcystic,  but  showed  larger  cysts  as  well. 

As  we  suspected,  the  main  pulmonary  artery  showed  severe  atherosclerotic 
change,  which  was  compatible  with  and  practically  diagnostic  of  severe  pul- 
monary hypertension. 

The  walls  of  most  of  the  cysts  were  quite  thin  with  the  exception  of  a  few 
focal  areas  of  thickening,  usually  near  bronchi. 

Some  cystic  areas  were  lined  by  bronchial  ejMthelium  and  some  were  not.  At 
one  time  perhaps  all  had  bronchial  epithelium,  but  the  appearance  was  no 
longer  uniform.  This  was  not  metaplasia  of  alveolar  epithelium,  such  as  is  de- 
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scribed  in  Haniinan-Rich  and  in  scleroderma,  but  was  actually  normal  lironchi- 
olar  epithelium.  Since  we  saw  no  cartilage  accompanying  the  cysts,  we  could 
not  call  the  epithelium  i)ronehial. 


Many  of  these  dilated  cystic  bronchioles  could  be  seen  to  open  into  large 
cystic  areas  (Fig.  5)  which  also  showed  remnants  of  the  cuboidal  bronchiolar 
epithelium  wdth  no  evidence  of  severe  fibrosis. 

The  parts  of  the  lung  which  apparently  ]iermitted  her  to  have  respiratory 
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rx('lianf>;o  wore  severely  eiiipliyseinutou.s  on  a  ('oinpeiisafory  basis,  anil,  in  these 
areas,  the  alveolar  walls  were  ([uite  thin.  The  noimal  alveolar  sti'uetnic  in  these 
areas  is  what  kept  hei'  alive.  Cei'tainly  these  areas  were  not  eystie,  altli()u<2;h  all 
were  eni])hyscniat()us.  She  did  apparently  have  some  chronic  lun^  infection,  be- 
cause intlannnatoi'v  foci  were  found  around  a  few  small  bi'onchioles  iFi^.  6). 

The  bronchiolai-  epitliclium  was  not  entirely  noiinal  in  several  areas,  disjjlay- 
in<!;  a  papillary  appearance  and  occasionally  polyp  formation. 

Small  ])ulmonary  artei'ies  wei'e  thickened,  as  evidence  of  pulmonary  hyper- 
tension. There  were  many  areas  where  the  pidmonary  capillaries  were  widely 
dilateil  and  severely  congested,  giving,  in  some  areas,  an  almost  angiomatoid 


Fig.  6.  Dilated  bronfhiole,s  .surrounded  by  chronic  inflammation.  Larger  cysts  retain 
bronchiolar  epithelium.  H  &  E  (X  150). 

api^earance.  Whether  this  was  on  a  congenital  basis  or  represented  compensatory 
intrai)ulmonary  shunts,  I  cannot  say.  Certainly  it  was  a  prominent  feature  in 
the  lung. 

Now  we  are  faced  again  with  the  problem  of  diagnosis.  It  was  difficult  and 
puzzling  clinically,  and  it  puzzles  us  also.  The  descriptive  diagnosis  of  honey- 
comb lung  is  entirely  correct,  but  it  differs  from  the  usual  microcystic  disease 
in  having  few  larger  cysts. 

Here  are  some  of  the  causes  of  honeycomb  lung  (Table  II).  This  is  by  no 
means  an  entirely  complete  list,  but  it  will  give  you  an  idea  of  the  type  of  things 
that  you  have  to  think  of  when  you  see  a  honeycomb  lung  on  x-ray.  Foreign 
body  granulomas,  asbestosis,  and  berylliosis  can  cause  honeycomb  lung  by 
granuloma  formation  and  fibrosis,  but  she  had  neither  the  occupational  history 
nor  the  histologic  evidence. 
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The  xunthomatosos  certainly  could  cause  it,  hut  there  is  no  evidence  anywhere 
of  these  diseases. 

Some  people,  especially  the  English,  consider  fihroleioniyouiatosis,  which  is 
called  by  others  muscular  cirrhosis  of  the  hmg,  hi'onchiolai'  emphysema  or 
broilchiolectasis,  to  be  a  hamartoma,  while  others  have  concluded  that  this  is 
really  a  hyiierplasia  of  smooth  muscle,  as  a  reaction  to  any  type  of  chronic 
pulmonary  disease. 

At  any  rate,  this  is  excluded  because  smooth  muscle  was  conspicuously  absent 
in  this  lung. 

Tuberous  sclerosis  is  a  hamartoraatous  disease,  but  is  also  excluded  on  histo- 
logic grounds. 

We  come  now  to  sarcoidosis.  Two  years  ago  we  had  a  Clinico-Pathological 
Conference  in  which  the  diagnosis  was  sarcoidosis  with  a  honeycomb  lung. 

TABLE  II 
Cnuses  of  Honcyconib  Lvng 

1.  Foreign  body  granulomas 

a.sbestosi.s 
berylliosis 

2.  Xanthomatoses 

eosinophilic  granuloma. 

Hand-Schuller-Christian 

Letterer-Siwe 

3.  Hamartomas 

fibroleiomyomatosis 
tuberous  sclerosis 

4.  Sarcoidosis 

5.  Post-influenza? 

6.  Scleroderma 

7.  Hamman-Rich  (occasionally  with  rheumatoid  arthritis) 

8.  Congenital 

Again  we  must  rule  this  out  because  we  found  no  granulomas. 

The  observed  pathology  might  be  considered  as  post-infiuenzal.  Many  ob- 
servers have  suggested  that  a  chronic  interstitial  pneumonia  may  weaken  the 
lungs,  so  that  subsequent  fibrosis  may  lead  to  honeycomb  lung. 

Scleroderma  or  systemic  sclerosis  is  certainly  a  possibility,  as  Dr.  Bader 
mentioned,  and  the  radiologic  appearance  of  the  lung  is  entirely  consistent  with 
that.  How'ever,  nowhere  did  we  find  evidence  of  scleroderma,  and  I  think  we 
defrnitely  have  to  rule  that  out. 

The  Hamman-Rich  syndrome,  or  acute  interstitial  fibrosis  of  the  lung,  occa- 
sionally seen  with  rheumatoid  arthritis,  was  considered.  Certainly  she  did  not 
have  rheumatoid  arthritis.  However,  this  might  have  been  a  pure  Hamman- 
Rich  syndrome  because  interstitial  fibrosis  of  the  lung  is  known  to  given  micro- 
cystic  disease  and  is  the  most  common  cause  in  this  country  of  the  honeycomb 
lung.  We  were  unable  to  document  this  in  any  section  of  the  lung  that  we  took. 
Nowhere  did  we  see  any  chronic  inflannnation  in  the  alveolar  septa  nor  any 
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i^ood  focus  of  intcrytitial  lihro-sis.  1  do  not  bclit'vc  tliat  the  dia^no.sis  of  1 1  aiiiioaii- 
Rirli  is  tciiahlc  here,  in  the  absence  of  any  histologic  evidence. 

We  come  now  to  tlu-  hist  possibility.  There  are  several  reasons  for  believing 
that  this  woman  had  a  congenital  disease.  One  is  its  thoroughly  diffuse  nature. 
While  the  Haraman-Rich  syndrome  and  scleroderma  frequently  do  produce  a 
honeycomb  lung,  it  is  usually  more  prominent  in  the  outer  or  lower  portions  of 
the  lung.  Here  we  found  no  predilection  for  any  part  of  the  lung.  Another  reason 
is  the  variation  in  size  of  the  cysts,  some  reaching  2  cm  in  diameter. 

The  absence  of  any  of  these  other  etiologies  and  the  presence  of  the  large 
bronchiolar  element  leads  us  to  believe,  although  we  cannot  absolutely  prove, 
that  this  case  represents  a  dysplasia  or  malformation  of  the  bronchiolai'  and 
alveolar  elements  of  the  lung. 

Cases  of  primary  or  congenital  alveolar  dysplasia  were  described  in  infants 
who  died  shortly  after  birth  (1).  In  those  infants  who  presumably  died  of  fetal 
atelectasis,  there  was  a  relative  diminution  in  the  size  of  the  pulmonary  alveoli 
in  relation  to  the  size  of  the  bronchioles,  and  many  of  the  bronchioles  were 
actually  dilated  and  almost  cystic.  Although  those  children  died,  it  is  certainly 
conceivable  that  some  could  live  with  a  milder  degree  of  alveolar  dysplasia. 
With  increasing  stress  of  r(\spiration  during  life,  these  small,  dilated,  weakened 
bronchioles  might  expand,  with  all  the  other  secondary  consequences. 

Our  opinion  is  that  this  woman  had  a  variant  of  either  a  primary  bronchiolar 
or  alveolar  dysplasia  which  was  mild  enough  to  allow  her  to  live  for  31  years, 
but  because  of  the  secondary  effect  of  infection  and  the  stress  of  respiration,  it 
eventually  developed  into  a  cystic  disease  with  accompanying  pulmonary  hyper- 
tension. 

Dr.  Bacler:  In  reviewing  all  the  causes  for  this  syndrome,  I  have  never  seen 
congenital  microcystic  disease  of  the  lung  listed,  and  I  will  now  have  to  think  of 
it  in  such  a  differential  diagnosis. 

Dr.  Clifford  Spingarn* :  Were  any  studies  made  of  the  genital  system? 

Dr.  Rubin:  Many  sections  of  the  genital  organs  were  studied  but  they  showed 
very  little.  The  ovaries  showed  many  follicles  which  had  recently  ruptured 
despite  the  history  of  amenorrhea. 

Dr.  Spingorn:  One  of  the  puzzling  features  of  the  case  was  that  following 
her  pregnancy  and  after  she  started  on  steroids,  she  never  regained  menstrual 
function. 

Dr.  Rubin:  I  am  unable  to  explain  the  amenorrhea,  since  there  were  no  gross 
or  microscopic  abnormalities  in  the  ovaries. 

Dr.  Siltzbach:  I  found  this  case  extraordinary  in  several  respects,  but  if  you 
are  willing  to  remove  sarcoidosis  as  one  of  the  causes  of  fibrocystic  lung,  I  would 
be  happier.  In  the  case  that  you  referred  to,  there  was  severe  bullous  emphysema 
which  is  quite  different  from  the  microcysts  we  are  talking  about  here. 

Dr.  Rubin:  Dr.  Siltzbach  is  correct.  Those  cysts  were  considerably  larger. 

*  Associate  Attending  Physician  for  Special  Services,  The  Mount  Sinai  Hospital,  New 
York,  N.Y. 
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Dr.  Stiltzbach:  It  is  rather  remarkable  that  a  woman  would  live  for  31  years 
with  these  lungs.  Are  you  assuming  that  these  lesions  remained  exactly  the 
same  for  her  entire  life? 

Jh-.  Rvbin:  I  assume  that  slie  started  out  with  a  relatively  mild  congenital 
dysplasia,  cither  of  the  alveolar  structures  or  of  the  bronchiolar  structures,  and 
that  this  gradually  progressed  during  her  lifetime,  with  infection  making  it 
worse. 

Dr.  Siltzhach:  ]\Iay  I  interrupt  you?  She  never  gave  much  evidence  of  added 
infection.  One  of  the  things  that  was  quite  characteristic  of  this  woman  was 
that  she  never  developed  ventilation  difficulty.  She  never  had  very  much  ex- 
pectoration. She  was  free,  as  are  many  of  the  cases  of  Hamman-Rich  syndrome, 
of  pulmonary  infection  until  the  very  end. 

Dr.  Rubin:  She  certainly  had  peribronchiolar  inflammation,  but  it  is  my  feel- 
ing that  she  did  not  get  into  any  difficulty  until  jiulmonary  hypertension  or 
the  encroachment  upon  her  reserve  was  so  great  that  it  became  symptomatic. 

Physician:  Was  there  a  chest  x-ray  obtained  prenatally? 

Dr.  Spingai-n:  Apparently  there  were  none,  but  she  was  delivered  elsewhere, 
and  perusal  of  the  records  indicated  that  there  was  nothing  to  indicate  that 
there  was  any  cardiopulmonary  difficulty.  She,  herself,  had  a  perfectly  normal 
delivery  and  was  followed  carefully  by  her  physician  through  her  childhood 
and  adolescence,  and  there  was  nothing  to  indicate  any  previous  pulmonary 
difficulties. 

I  would  like  to  ask  Dr.  Siltzbach  a  question.  For  about  a  year  and  a  half,  she 
was  on  empirical  chloroquine  treatment  because  of  her  inability  to  resjiond  to 
steroids.  Do  you  think  this  drug  could  have  modified  the  effect  of  the  inflam- 
matory reaction? 

Dr.  Siltzbach  :  I  do  not  know  of  a  case  quite  like  this  so  I  am  unable  to  pin- 
point on  any  single  factor  to  explain  the  clinical  course  and  pathologic  findings. 
We  have  treated  a  good  number  of  patients  with  sarcoidosis  with  chloroquine 
now,  and  we  have  noted  regression  of  granulomatous  lesions  with  this  drug. 
I  have  treated  a  few  cases  of  idiopathic  diffuse  interstitial  pulmonary  fibrosis 
witli  chlorofiuine  without  notable  improvement. 

Finnl  diagnosis:  1.  Congenital  cystic  disease  of  the  lung  (prim.\ry  alveol.\r 
DYSPLASIA?  )  2.  Cor  pulmonale. 
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CASE  NO.  228 

An  18  year  old  boy  consulted  his  physician  for  removal  of  a  ^niall  mass  in  the 
right  parietal  region.  The  mass  was  first  discovered  at  least  six  years  previously; 
it  was  nontender  and  there  were  no  associated  symptoms.  Howe\'er,  a  recent  in- 
crease in  size  was  noted  associated  with  pain  and  tenderness.  On  examination, 
the  swelling  was  considered  to  be  a  sebaceous  cyst  or  lipoma  and  a  local  excision 
was  attempted.  This  was  discontinued  when  the  lesion  was  found  to  be  located 
deep  to  the  temporal  fascia.  Radiographic  examination  of  the  skull  then  revealed 
a  smoothly  outlined  erosive  lesion  of  the  right  ])arietal  bone  with  central  lucency 
and  marginal  sclerosis  (Fig.  1). 

The  radiographic  impression  was  that  of  a  dermoid  cyst.  Physical  examination 
was  otherwise  negative.  Electroencephalogi'am  and  right  carotid  angiogram 
were  normal. 

At  surgery,  the  tumor  had  extended  through  a  small  area  in  the  outer  table. 
The  inner  table  was  intact  throughout.  The  mass  was  completely  encapsulated 
but  firmly  adherent  to  the  underlying  bone;  it  was  completely  excised.  It  proved 
to  be  a  cyst  containing  sebaceous  material  and  hair  and  histological  examination 
confirmed  the  diagnosis  of  dermoid  cyst. 

Case  Report:  DERMom  cyst — intr.\diploic  type. 

DISCUSSION 

See  Discussion  after  Case  No.  233. 
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Case  228,  Fig.  1A.  Lateral  view  of  the  skull  reveals  a  sharply  demarcated  2  cm  in 
diameter,  round,  lucent  defect  in  the  parietal  bone  on  the  right  side.  The  inferior  border 
of  this  defect  is  sharply  delineated  v/ith  a  sclerotic  margin.  The  superior  portion  is  less 
sharply  demarcated  in  this  projection. 

Case  228,  Fig.  IB.  Towne's  view  of  the  skull  again  reveals  the  sclerotic  margin 
bordering  the  defect  medially  (arrows).  The  inner  table  appears  intact.  The  pineal 
is  in  the  midline. 

Case  228,  Fig.  IC.  Tangential  view  reveals  the  soft  tissue  component  within  the  scalp 
marked  by  a  lead  marker.  The  margination  is  again  well  demonstrated. 
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CASE  NO.  229 

This  59  year  old  niak',  who  was  in  good  general  health,  sought  medical  advice 
because  of  mild  trauma  to  the  head.  Radiographic  examination  of  the  skull  was 
advised.  This  revealed  no  fractures  but  a  large,  well-circumscribed  scalloi)ed 
lucent  defect  was  noted  in  the  right  parietal  bone  (Fig.  1).  There  was  no  definite 
surrounding  bony  sclerosis.  Within  the  center  of  this  lucent  lesion,  there  was 
a  small  triangular  island  of  increased  density.  In  the  frontal  jirojection,  the  le- 
sion was  noted  to  occupy  the  diploic  space  with  bulging  of  the  tables.  Surgical 
examination  was  performed  and  a  large  intradiploic  dermoid  cyst  was  found. 
The  outer  table  was  noted  to  be  fragmented  and  the  inner  table  almost  com- 
pletely destroyed.  The  dura  was  intact. 

Case  Report:  Dermoid  cyst — intradiploic  with  eroded  bony  tables. 

DISCUSSION 

See  Discussion  after  Case  No.  233. 

CASE  NO.  230 

A  3  month  old  male  infant  was  admitted  to  the  hospital  for  excision  of  a  small 
mass  in  the  anterior  fontanel.  A  small  bluish  swelling  was  noted  at  birth  located 
on  the  right  aspect  of  the  fontanel  near  its  anterior  margin.  It  seemed  to  fluctuate 
in  size  and  to  enlarge  when  the  infant  cried.  On  examination,  the  fontanel  itself 
was  soft  and  pulsated  normally.  The  mass  was  firm  and  measured  1  cm  in  di- 


Case  230,  Fig.  1.  Lateral  projection  of  the  skull  reveals  no  bony  abnormalities.  In  the 
frontal  region  at  the  anterior  portion  of  the  fontanel,  there  is  a  localized  pea-sized 
soft  tissue  swelling  poorly  made  out  in  the  reproduction. 
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niuc'ter  ami  coukl  not  Ix'  letluccd  in  size  by  conipie.s.sion.  It  seemed  fixed  to  the 
deeper  structures.  The  remainder  of  the  examination  was  within  normal  limits. 

Kadioffraphic  examination  of  the  skull  showed  a  pea-sized  soft  tissue  swelling 
in  the  region  of  the  anterior  fontanel.  The  surrounding  bone  was  intact  (Fig.  1). 

At  surgery,  the  mass  was  separated  by  sharp  dissection  and  was  noted  to  be 
attached  to  the  underlying  dura  over  the  sagittal  sinus.  The  lesion  was  excised 
without  damage  to  the  sinus.  It  was  noted  to  be  cystic  and  to  contain  grayish 
sebaceous  material  and  hair.  Histological  examination  confirmed  the  impression 
of  a  dermoid  cyst. 

Ca.se  Repo)-t:  Dermoid  cyst  of  the  anterior  fontanel. 

DISCUSSION 

See  Discussion  after  Case  No.  233. 
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CASE  NO.  231 

This  8  month  old  girl,  the  product  of  a  full-term  normal  pregnancy,  was  well 
until  2  months  of  age,  when  the  mother  noted  a  lump  on  the  baby's  head.  There 
was  no  history  of  trauma  and  the  child  appeared  to  be  in  good  general  health. 
No  increase  in  size  was  noted  over  the  six-month  period  of  observation.  Physical 
examination  was  normal  except  for  a  soft  nontender  swelling,  2  cm  in  diameter, 
occupying  the  middle  of  the  anterior  portion  of  the  anterior  fontanel.  Radio- 
graphic examination  of  the  skull  revealed  a  sharply  delineated  midline  lucent 
defect  in  the  posterior  portion  of  the  frontal  bone  at  the  anterior  fontanel  (Fig. 
1).  A  well-defined  soft  tissue  swelling  was  noted  in  the  overlying  scalp.  The 
clinical  and  radiographic  findings  suggested  a  dermoid  cyst  within  the  anterior 
fontanel.  The  lesion  has  not  as  yet  been  verified  histologically. 

Case  Report:  Dermoid  cyst  of  the  anterior  fontanel  with  eroded  bony 

MARGINS. 

discussion 
See  Discussion  after  Case  No.  233. 
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CASE  NO.  232 

A  4  month  old  infant  came  to  medical  attention  Ijccause  of  a  progressively  en- 
larging mass  in  the  right  parietal  region  of  the  skull.  The  mother  stated  that 
two  and  one  half  months  prior  to  that  time  she  had  noted  a  small  hard  nontendcr 
lump.  There  was  progressive  increase  in  size.  On  examination,  a  3  cm  firm  im- 
movable nontender  mass  was  noted  in  the  right  parietal  area.  The  remainder  of 
the  examination  was  within  normal  limits. 

X-ray  examination  of  the  skull  showed  a  defect  in  the  right  parietal  region 
with  smooth  sclerotic  margins  and  ballooning  of  both  the  inner  and  outer  tables 


Case  232,  Fig.  IC.  Tangential  view  reveals  the  lesion  to  occupy  and  expand  the 
diploic  space.  The  associated  soft  tissue  swelling  is  well  made  out  (arrows). 

(Fig.  1).  The  appearance  suggested  an  intradiploic  dermoid  cyst.  Radiographic 
survey  of  the  skeleton  was  otherwise  normal. 

At  surgery,  the  periosteum  was  stripped  from  the  mass  and  the  outer  table  of 
the  skull  was  noted  to  be  extremely  thin.  Pinkish-gray  firm  tissue  was  found  as 
the  outer  table  was  rongeured.  The  entire  tumor  was  removed  by  curretage  and 
a  markedly  thinned  inner  table  was  also  noted.  The  surgeon  described  extension 
of  the  tumor  tissue  through  the  inner  table  in  a  small  area  but  the  dura  was  not 
involved.  Histological  examination  of  the  tumor  revealed  fibrous  connective  tis- 
sue with  occasional  multinucleated  cells  and  patchy  fragments  of  osteoid,  inter- 
preted as  fibrous  dysplasia. 

Case  Report:  Fibrous  dysplasia  of  the  skull. 

DISCUSSION 

See  Discussion  after  Case  No.  233. 
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'riic  cditor.s  wish  to  tluiiik  Dr.  I{.  .1.  ( iiecnhei'g  of  Uic  (lood  Sauuuitan  llo.spi- 
lal,  Suffern,  N.  Y.,  for  ix'nnissioii  to  use  this  case. 

CASE  NO.  233 

A  30  year  old  female  noted  tenderness  and  hcadaclic  in  the  ri<rht  frontal  le- 
liion. 

(ieneral  i)hysieal  e.xaniination  was  nonual.  Hadiojirajjhic  examination  of  the 
skull  revealed  a  2  em  rounded  defect  involving  Ijotli  tables  of  the  right  frontal 
l)one.  The  edges  were  beveled  and  sealloi)ed  and  there  was  no  surrounding  sclero- 
sis. The  remainder  of  the  skeleton  and  the  chest  was  normal.  The  diagnosis  of 
eosinophilic  granuloma  was  suggested.  A  biopsy  was  performed  and  this  was 
confirmed  histologically.  The  lesion  was  subsequently  excised. 

Case  Report:  Eosinophilic  granuloma  of  the  skull. 
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DISCUSSION  OF  CASES  NO.  228  TO  NO.  233 

Cases  No.  228  to  No.  233  are  discussed  together  as  a  grouj)  of  benign  calvarial 
lesions  with  similar  radiographic  features. 

Cases  No.  228  to  No.  231  represent  examples  of  dermoid  cysts.  Terminology 
for  this  type  of  lesion  is  imprecise  and  other  terms  frequently  used  include :  epi- 
dermoid inclusion  cyst,  epidermoidoma,  pearly  tumor,  and  cholesteatoma.  It  is 
generally  agreed  that  when  such  dermal  contents  as  hair  and  sebaceous  material 
are  identified,  the  lesion  should  be  classified  as  a  dermoid  cyst;  when  these  struc- 
tures are  not  present,  the  term  epidermoid  inclusion  cyst  or  epidermoidoma  is 
more  applicable  (1).  Radiographically,  the  classical  appearance  is  that  of  a  le- 
sion which  occupies  the  diploic  space  with  expansion  and  erosion  of  the  bony 
tables.  The  lesion  generally  grows  slowly  and  symmetrically  producing  a  round, 
sharply  demarcated  bony  defect  surrounded  by  a  thin  rim  of  bone  of  increased 
density.  These  features  are  well  demonstrated  by  Case  No.  228.  As  the  lesion 
grows  witliin  the  diploic  space,  the  tables  which  first  are  expanded  then  become 
eroded.  Only  one  of  the  tables  may  be  eroded  at  first  with  fragmentary  loss  of 
the  other.  When  such  a  lesion  is  seen  en  face  in  this  stage  of  development,  the 
residual  fragments  of  bone  create  a  mottled  density  within  the  larger  lucent  zone 
resembling  a  sequestrum.  This  feature  is  well  seen  in  Case  No.  229.  Cases  No. 
230  and  No.  231  are  examples  of  dermoid  cysts  which  presented  as  soft  tissue 
swellings  of  the  scalp  within  the  anterior  fontanel.  At  operation,  the  lesion  in 
Case  No.  230  extended  through  the  fontanel  down  to  the  sagittal  sinus  but  did 
not  involve  the  surrounding  bone.  Case  No.  231,  although  as  not  yet  confirmed 
histologically,  most  likely  represents  a  similar  but  larger  lesion  which  has  ei'oded 
the  adjacent  bony  margins.  Rather  than  representing  simple  dermoid  cysts. 
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Case  233,  Fig.  lA.  Lateral  view  of  the  skull  reveals  a  well  marginated,  scalloped 
lucent  defect  within  the  right  frontal  bone.  There  is  no  evidence  of  surrounding  sclerosis. 
The  remainder  of  the  bones  appears  normal. 

Case  233,  Fig.  IB.  Examination  in  the  postero-anterior  projection  reveals  the  defect 
to  be  beveled  especially  superiorly  (arrows). 

Case  233,  Fig.  IC.  Tangential  view  reveals  the  lesion  to  occupy  the  entire  thickness 
of  the  calvaria  (arrows). 

l)oth  lesions  may  actually  represent  congenital  dei'uial  sinuses,  despite  the  fact 
that  these  are  usually  rei)orte(i  in  the  posterior  fossa  (2l. 

Case  No.  232  represents  a  small  well-demarcated  area  of  fihrous  dysplasia  of 
the  calvaria  with  no  other  skeletal  manifestation.  Because  of  its  localized  nature, 
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tilo  radiogrupllic  ai)pearance  in  this  case  cannot  be  differentiated  from  dermoid 
cyst.  Fibrous  dysplasia  usually  involves  the  calvaria  in  a  more  diffuse  charac- 
teristic fashion,  often  in  association  with  other  skeletal  lesions.  Such  cases  pre- 
sent no  special  i)rol)lems  of  differential  diagnosis. 

Case  No.  233,  an  eosinophilic  granuloma  of  the  skull,  i)resents  the  chui  acter- 
istic  roentgen  features  of  a  so-called  ■■|iunched  out"  lesion.  The  bony  margins 
are  smooth,  beveled,  and  somewhat  scalloped.  No  sclerosis  is  a|)par('nt  in  this 
case,  although  occasionally  this  feature  can  be  present  (3,  4) . 
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CASE  NO.  234 

A  30  year  old  right-handed  male  was  involved  in  an  automol)ile  accident  and 
.sustained  injury  to  the  left  side  of  the  head  with  a  small  scalp  laceration.  A 
transient  loss  of  consciousness  occurred.  Four  weeks  following  the  injury  he 
still  complained  of  severe  localized  pain  in  the  left  frontotemporal  area  and  had 
episodes  of  severe  generalized  headache.  Past  history  revealed  that  twelve  years 
earlier  he  had  sustained  a  minor  head  injury  for  which  radiographic  examination 
of  the  skull  was  performed.  A  small  "bone  cyst"  in  the  left  temporal  region  was 
described  to  the  patient  by  his  phy.sician  but  no  fracture  was  found.  The  radio- 
graphs are  not  presently  available. 

On  examination,  a  small  healed  laceration  of  the  scalp  was  noted  in  tlie  left 
temporal  region  together  with  marked  tenderness  of  the  bone.  There  was  a  sug- 
gestion of  asymmetry  of  the  head  with  bulging  of  the  left  temporal  area.  The 
remainder  of  the  examination  was  normal. 

Radiographic  examination  of  the  skull  revealed  a  4  X  6  cm  radiolucency  in 
the  left  temporoparietal  region  which  expanded  and  thinned  the  outer  table 
(Fig.  1).  The  inner  table  was  not  definitely  identified  but  the  possibility  of  an 
intradiploic  process  bulging  both  tables  could  not  be  excluded.  The  clinical  and 
radiographic  impressions  at  that  time  were  1 )  cerebral  concussion  characterized 
by  a  transient  period  of  unconsciousness  followed  by  a  postconcussion  syndrome, 
and  2)  an  expanding  lesion  involving  the  temporal  bone  exact  nature  undeter- 
mined but  a  dermoid  tumor  to  be  considered.  Carotid  angiography  was  recom- 
mended for  further  evaluation. 

Left  carotid  angiography  revealed  the  pericallosal  artery  to  be  displaced  1  cm 
to  the  right  in  its  most  anterior  joortion.  In  the  region  of  the  temporal  defect 
the  smaller  vascular  radicles  did  not  reach  the  thinned  bone  but  again  the 
presence  or  absence  of  the  inner  table  was  not  definitely  established;  therefore, 
the  significance  of  the  relationship  of  the  vascular  supply  to  the  bone  was  not 


Case  234,  Fig.  lA.  Lateral  view  of  the  skull  reveals  a  large  oval  lucent  defect  meas- 
uring 4  X  6  cm  in  diameter.  The  margins  are  sclerotic. 

Case  234,  Fig.  IB.  In  the  Towne's  projection  the  external  table  is  thinned  and  bulges 
outward  (along  arrows).  The  inner  table  is  not  definitely  identified  in  the  region  of  the 
lesion. 

Case  234,  Fig.  1C.  Tongential  view  reveals  similar  findings  to  better  advantage. 

appreciated.  Nevertheless,  the  findings  pointed  to  the  presence  of  a  space-occupy- 
ing lesion  on  the  left  side  and  a  craniotomy  was  performed. 

At  operation,  the  temporal  bone  was  markedly  thinned  and  expanded.  There 
was  no  diploic  space  or  inner  table.  Bulging  dura  was  encountered  immediately 
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l)cncath  thv  hone.  In!>c'ition  of  a  needle  into  tlie  center  of  the  hnl^e  produced 
approximately  60  cc  of  thick,  dark  red  blood.  There  were  clearly  defined  outer 
and  inner  mciiilirane.s  of  a  chronic  subdural  hcinatoina  and  these  were  care- 
fully excised.  A  small  collection  of  clear  fluid  was  encountered  beneath  the  inner 
m('ml)rane.  The  tempoi'al  lobe,  which  had  been  compressed,  exi)aiided  to  reach 
the  (hu-al  surface  at  the  conclusion  of  (he  i)rocedure.  The  iicui'osurgical  findings 
were  interpretecl  as  a  chi-onic  subdural  hcniatoina  with  a  possible  underlying 
arachnoid  cyst. 

Histological  examination  of  the  membranes  revealed  evidence  of  a  recent 
chronic  subdural  hematoma.  Portions  of  the  membranes  were  very  old,  however, 
and  contained  some  pigment  deposits.  The  pathologist  interpreted  the  findings 
to  indicate  a  recent  hemorrhage  superimposed  on  the  residua  from  an  old  hemor- 
rhage, the  latter  possibly  having  resulted  in  a  subdural  hygroma.  No  discrete 
subarachnoid  membrane  was  identified.  The  postoperative  course  was  unre- 
markable and  follow-up  examination  six  months  after  surgery  revealed  no  neu- 
rologic abnormality. 

DISCUSSION 

A  number  of  chronic  space-occupying  processes  have  been  reported  in  asso- 
ciation with  overlying  calvarial  defects  in  the  middle  cranial  fossa.  These  in- 
clude arachnoid  cyst,  chronic  subdural  hematoma,  subdural  hygroma,  cerebral 
glioma,  cerebral  agenesis  and  neurofibromatosis  (1  to  3) .  (Pulsating  leptomenin- 
geal  cyst  secondary  to  major  skull  fracture  does  not  fall  into  this  group  (4).) 
The  bony  abnormality  is  characteristically  temporal  or  parietal  in  location  and 
features  a  thinned  and  expanded  bony  area  of  variable  size  with  smooth  sclerotic 
margins.  There  may  be  associated  enlargement  of  the  entire  middle  cranial 
fossa  with  bulging  floor  and  elevated  lesser  sphenoid  wing,  and  in  some  cases  the 
fossa  is  enlarged  in  the  absence  of  a  localized  bone  defect. 

Arachnoid  cyst  is  an  entity  which  is  poorly  understood.  In  its  simplest  form, 
a  collection  of  cerebrospinal  fluid  is  present  covered  by  normal  leptomeninges 
and  often  communicates  with  the  general  subarachnoid  space.  The  origin  of  such 
a  collection  is  unknown  but  some  cases  may  be  congenital  in  nature  and  asso- 
ciated with  cerebral  agenesis  (3) .  A  number  of  other  theories  have  been  advanced 
including  trauma,  inflammation,  and  bleeding,  but  none  of  these  can  be  verified 
from  the  pathophysiological  standpoint  (5).  In  addition,  neurosurgical  descrip- 
tions are  often  fragmentary  and  imprecise.  Chronic  subdural  hematoma  may  be 
t  encountered  independently  or  in  association  with  an  arachnoid  cyst.  In  the  lat- 
(   ter  case,  it  can  be  argued  that  the  cyst  predisposed  to  bleeding.  In  the  former 
case,  it  is  possible  that  an  underlying  cyst  was  distorted  or  obliterated  by  the 
I   hemorrhage  and  thus  not  recognized  surgically  or  histologically.  Acute  subdural 
'   hygroma  usually  follows  trauma  without  hemorrhage  (6)  but  chronic  subdural 
'    hygroma  is  believed  to  be  the  end  result  of  a  chionic  subdural  hematoma  after 
I  the  bloody  fluid  has  been  resorbed. 

In  the  case  presented,  the  recent  chronic  subdural  hematoma  may  have  been 
superimi)osed  on  a  subdural  hygroma  which  followed  an  old  hemorrhage — sug- 
gested by  the  i)athological  findings,  or  an  arachnoid  cyst — suggested  by  the 
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npurosureical  fin(lin<is.  Either  of  these  two  sequences  could  explain  the  clinical 
and  radiological  features. 

Case  Report:  Temporal  bone  defect  with  recent  chronic  subdural  hematoma 

AND  possible  UNDERLYING  SUBDURAL  HYGROMA  OR  ARACHNOID  CYST. 
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Hemolytic  Anemia  as  a  (^ompliealioii  of  Careinoma: 
Case  Report  and  Review  of  llie  Literature 

STEPHEN  A.  LANDAVV,  M.D.* 

R irJuiKJiid,  Virginia 

Tliere  have  been  numerous  reiiorts  on  the  pathogenesis  of  anemia  in  neo- 
phistic  disease.  Most  cases  on  investigation  are  found  to  be  associated  with  a 
coiuhination  of  blood  loss,  decreased  red  cell  jjroduction,  and  increased  red 
cell  destruction.  Although  any  or  all  of  these  mechanisms  may  vary  in 
severity  in  any  one  case,  markedly  increased  destruction  (hemolysis)  of  red 
cells  is  not  commonly  noted.  Active  hemolysis  is  occasionally  noted  in 
leukemia  and  lym]ihoma,  but  only  rarely  has  it  been  described  in  carcinoma. 
It  was  felt  worth  while  to  report  a  case  of  severe  hemolytic  anemia  associated 
with  carcinoma  of  the  pancreas. 

CASE  REPORT 

C.H.,  a  52  year  old  retired  cabinetmaker,  was  admitted  to  the  Medical 
College  of  Virginia  Hospital  on  November  13,  1962,  complaining  of  low 
back  pain  of  three  months'  duration. 

On  October  14,  1962,  he  was  admitted  to  another  hospital  for  the  same 
complaint.  Physical  examination  was  unrevealing.  Laboratory  tests  revealed 
a  hemoglobin  of  11.4  Gm%;  the  red  cells  showed  hypochromia  and  aniso- 
cytosis.  Repeat  hemoglobin  on  October  27,  1962,  was  10.5  Gm%.  Urine  cul- 
ture showed  abundant  Stajihylococcus  aureus,  and  intravenous  pyelography 
showed  two  calculi  in  the  left  middle  calyx  without  hydi'onephrosis. 

The  patient  was  treated  with  bed  rest,  back  board,  analgesics,  and  chlor- 
amphenicol, 500  mg  four  times  daily  for  one  week.  At  the  time  of  discharge,  he 
was  given  a  ten  days'  supply  of  sulfisoxazole,  1  Gm  three  times  a  day. 
However,  there  was  only  minimal  improvement  in  his  back  pain. 

Following  discharge,  his  back  pain  became  increasingly  more  severe,  and 
he  noted  pain  in  his  left  posterior  rib  cage,  along  with  nausea,  A'omiting, 
abdominal  cramping,  and  a  gradual  weight  loss.  Past  history  revealed  an 
allergic  skin  rash  to  an  unknown  "sulfa"  drug  many  years  previously,  but 
no  rash  while  taking  the  sulfisoxazole.  He  was  almost  edentulous  and  ad- 
mitted to  moderately  severe  alcoholism  and  a  poor  diet. 

Physical  examination  showed  a  well-developed,  well-nourished  male  com- 
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])lainin^  l)ittorly  of  back  and  ril)  i)ain.  Blood  pressure  was  160  80,  pulse  90, 
iTsi)irations  18,  and  temperature  37.0°C.  He  presented  an  unkempt  ap- 
pearance and  was  almost  edentulous  from  severe  dental  caries.  His  tongue 
was  smooth,  but  not  tender  or  inflamed.  The  mucous  membranes  were 
pale.  No  icterus  was  evident.  His  abdomen  was  flat,  and  the  liver  and  spleen 
were  not  pal])ai)le.  There  was  a  suggestion  of  a  liaid,  irregular  mass  in  the 
epigastric  and  left  upper  fjuadrant  areas,  which  moved  somewhat  with 
respiration.  Examination  of  the  skeleton  revealed  only  a  nontender  lumbar 
scoliosis  with  mild  diffuse  t<'nderness  of  the  left  posterior  ribs  and  upper 
lumbar  sjiines. 

Admission  blood  counts  showed  a  hemoglobin  of  5.8  Gm<^f,  white  blood 
cell  count  of  l(),750/cu  mm,  and  i)latelet  count  of  225,000/cu  mm.  Differ- 
ential white  cell  count  showed  86%  neutro])hiles,  1%  eosinophiles,  1% 
basophiles,  8%  lymphocytes,  and  4%  monocytes.  The  red  blood  cells  were 
normocytic,  normochromic,  with  numerous  i)olychromatophilic  macrocytes. 
The  reticulocyte  count  was  22%,  and  red  blood  cell  indices  showed  a  MCV 
of  110  cu  fi,  MCH  of  36  /x^g,  and  MCHC  of  33%.  The  neutrophiles  showed 
increased  lobulation,  with  2%>  having  six  or  more  lobes,  12%  with  five  lobes, 
40%  with  four  lobes,  and  46%  with  three  lobes  or  less.  Sternal  bone  marrow 
aspiration  on  November  15,  1962,  revealed  a  hyi^ercellular  specimen  with 
normal  iron  stores  and  noi'mal  j^latelet  i)roduction.  Myeloid  to  erythi'oid 
ratio  was  0.7.  There  were  4%  plasma  cells,  4%  reticulum  cells,  5%  lympho- 
cytes, 36%  cells  of  the  granulocytic  series,  and  51%  cells  of  the  red  cell 
series  with  minimal  megaloblastoid  changes.  No  tumor  cells  were  seen.  Further 
serial  blood  studies  are  shown  on  Table  I.  Of  importance  is  the  observation 
that  later  blood  smears  showed  severe  anisocytosis,  poikilocytosis,  sphero- 
cytes,  red  blood  cell  fragments,  severe  scalloping  of  the  red  cell  l)orders,  and  an 
occasional  normoblast.  Numerous  ])olychromatophilic  and  non-polychro- 
matophilic  maci'ocytes  were  also  seen  in  abundance. 

The  following  tests  were  normal:  urinalysis,  urine  culture,  fasting  l)lood 
glucose,  ui'ea  nitrogen,  serum  i)roteins,  acid  phosphatase,  serologic  test  foi' 
syphilis,  electrolytes,  bleeding  and  clotting  times,  thymol  tui'l)idity,  and  direct 
and  indirect  bilirubin.  Alkaline  phosphatase  was  3.0  B.L.  units  (normal  0.8  to 
2.9  B.L.  units),  ])iothrombin  time  13  seconds  (control  11  seconds),  and 
bromsulfalein  retention  of  10%  after  45  minutes  (normal  0  to  4%). 

A  chest  x-ray  was  negative.  A  s])lenic  scan  using  heated,  Cr''^-labcled  red 
cells  on  November  29  showed  no  si)lenomegaly.  On  December  4,  following 
intravenous  injection  of  colloidal  Au^"**,  a  normal  liver  scan  was  obtained. 
Multiple  x-rays  of  the  urinary  collecting  system  showed  only  a  moderate 
degree  of  bilateral  hydronejihrosis.  The  lumbar  spines  showed  degenerative 
joint  changes,  and  no  bone  lesions  were  noted  on  skeletal  survey.  An  ujiper 
gastrointestinal  series  on  December  1  showed  a  polyjioid  lesion  along  the 
greater  and  lesser  curvature  aspects  of  the  antrum  of  the  stomach  with 
partial  prepyloric  obstruction. 

The  patient  was  initially  treated  with  bed  rest  and  analgesics  without 
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TABLI<;  1 
Serial  Blood  Sludies  on  Paiienl  C.H. 


Date 

Hemoglobin 

(Gm'^; ) 

Hema- 
tocrit 

(%) 

White  Blood 
Count 
(/cu  mm) 

Reticulo- 
cytes 

(%) 

Direct 
Bilirubin 

(mg%) 

Indirect 
Bilirubin 

(mg%) 

Blood  Urea 
Nitrogen 

(me%) 

Trans- 
fusions 
(units) 

Oct.  15 

11.4 

— 

14,600 

— 

— 

— 

14 

0 

Oct.  27 

10.5 

— 

10,500 

— 

— 

— 

— 

0 

Nov.  14 

ii.2 

— 

9,700 

— 

0.05 

0.35 

11 

0 

Nov.  15 

5.9 

18 

1(1,750 

22 

— 

— 

— 

0 

Nov.  20 

4.9 

— 

9,150 

— 

— 

— 

— 

0 

Nov.  21 

— 

— 

— 

— 

0.3 

1.0 

— 

0 

Nov.  2(i 

4.5 

15 

— 

59 

0.9 

1.5 

— 

0 

\ov.  28 

4.5 

15 

15,150 

«() 

— 

— 

— 

2 

Nov.  29 

7.2 

22 

— 

— 

— 

— 

— 

0 

Nov.  30 

(i.O 

20 

59 

2 

Dec.  1 

9.2 

30 

I 

I 

I 

2 

Dec.  2 

8.8 

29 

0 

Dec.  3 

9.5 

29 

41 

60 

0 

Dec.  4 

9.(i 

28 

38 

4.9 

3.5 

84 

2 

Dec.  (3 

9.(i 

30 

5.0 

3.2 

85 

0 

Dec.  7 

12.4 

17,600 

78 

4 

Dec.  8 

14.8 

19,800 

100 

1 

Dec.  10 

10.2 

23,300 

22.4 

19.2 

150 

2 

TABLE  II 

Characterization  of  Hemolytic  Process  in  Patient  C.H. 


Test 

Result 

Normal  or  Control 

Hemolytic  Inde.x 

224 

11-22 

Osmotic  Fragility 

0.70  to  0.36 

0.48  to  0.36 

Coombs  Te.st 

negative 

negative 

Cold  Agglutinins 

negative 

negative 

Warm  Agglutinins 

negative 

negative 

Acid  Hemolysin  (Ham) 

negative 

negative 

Donath-Land.steiner 

negative 

negative 

Cross-matching 

normal,  uncomplicated 

Serum  B12  (E.  gracilis) 

1462  /iyug/cc 

250-800  MMg/cc 

Serum  Folic  Acid  (Strep,  faecalis) 

3.0-4.0  myug/cc 

2-6  m/ig/cc 

Serum  Protein  Fractionation 

A:  3.7  G:  2.6 

same 

Hemoglobin  Electrophoresis 

A  hemoglobin 

A  hemoglobin 

Sulfiso.xazole  Hemolysis  Test 

negative 

negative 

Tumor  Hemolysins  or  Tissue  Antibodies 

none 

negative 

response.  Serial  blood  studies  showed  evidence  of  a  marked  hemolytic  jn'ocess 
for  which  no  cause  could  be  ascertained  (Table  II).  By  the  time  the  ab- 
normal gastrointestinal  x-rays  were  obtained,  the  patient  was  severely  anemic, 
icteric,  disoriented,  and  had  severe  nausea  and  vomiting.  On  December  7,  he 
underwent  exjjloratory  laparotomy  at  which  time  a  large  fixed  mass  was 
found  deep  in  the  epigastrium  continuous  with  the  pancreas  and  porta 
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lK'|)atis,  ('ausin<>;  duodenal  obstruction.  The  liver  was  riddled  with  metastatic 
de])osits.  Tlie  ])olypoid  lesion  of  the  stomach  was  noted,  but  was  not  con- 
tinuous with  the  main  tumor  mass.  A  palliative  gastrojejunostomy  was  per- 
formed. Postoperatively,  lie  did  poorly  and  died  on  December  11  with 
increasing  azotemia,  icterus,  and  coma.  Although  there  was  minimal  blood 
loss  before,  during,  and  aftei'  the  o]ieration,  he  required  transfusion  of  15 
units  of  whole  blood  and  packed  cells  to  maintain  a  hemoglol)in  of  at  least 
9  Gm%  in  the  last  two  weeks  of  his  life. 

Autopsy  was  ])ei'formed  thirteen  hours  after  death.  Important  findings  were 
limited  to  the  abdomen.  The  large  mass  was  again  noted  continuous  with 
the  head  of  the  pancreas,  jiorta  hepatis,  mesenteric  nodes,  and  surrounding  the 
inferior  vena  ca^-a  and  both  kidneys.  There  was  complete  obstruction  of 
the  cystic  and  common  hepatic  ducts  by  the  tumor.  The  liver  was  markedly 
enlarged  and  was  studded  with  metastases.  The  spleen  weighed  250  Gm  and 
showed  numerous  infarcts  on  cut  section.  Microscopic  sections  revealed  the 
tumor  to  be  a  mucus-secreting  adenocarcinoma  of  the  pancreas.  The  polyjioid 
lesion  in  the  stomach  was  felt  to  be  an  area  of  metastasis,  although  it 
could  not  be  said  for  certain  that  it  was  not  the  primary  focus.  Metastases 
were  also  noted  in  the  adrenals,  mesenteric  and  carinal  lymph  nodes,  and  in 
sections  of  the  lumbar  vertebrae.  Considerable  necrosis  was  noted  in  the 
hepatic  metastases.  There  was  no  evidence  of  fatty  infiltration  or  cirrhosis. 
The  spleen  showed  a  moderate  degree  of  reticulo-endothelial  hyperplasia, 
and  minimal  amounts  of  hemosiderin.  No  areas  of  extramedullary  hemato- 
poiesis  were  noted.  The  kidneys  showed  moderate  hydronephrosis  secondary 
to  ureteral  obstruction  l)y  tumor,  and  sections  of  the  parenchyma  showed  no 
areas  of  inflannnation.  The  final  diagnosis  was  adenocarcinoma  of  the  head 
of  the  pancreas,  widespread  metastases,  and  terminal  bronchopneumonia. 

SPECIAL  STUDIES 

In  an  effort  to  define  the  underlying  mechanism  for  the  patient's  severe 
hemolytic  process,  extensive  studies  were  undertaken  (Table  II).  His  blood 
was  easily  cross-matched  (group  0  Rh  positive),  and  his  serum  gave  negative 
results  with  a  pant'l  of  red  cells  containing  all  major  and  most  minor  red 
blood  cell  antigens  at  room  temperature  and  at  37°C.,  in  saline  and  albumin, 
with  gamma  and  non-gamma  globulin  Coombs  serum,  and  with  normal  and 
trypsinized  red  cells.  In  addition,  there  were  no  transfusion  reactions  to  any 
of  the  15  administered  units. 

Because  of  the  history  of  skin  allergy  to  a  sulfa  drug  in  the  past  and  recent 
treatment  with  sulfisoxazole,  a  hemolytic  drug  reaction  was  suspected. 
The  patient's  red  blood  cells  were  washed  three  times  in  saline,  and  incubated 
in  a  saline  solution  of  sulfisoxazole  in  a  final  concentration  of  20  mg%. 
Washed  cells  of  the  patient  were  also  resuspended  in  his  own  serum  with 
added  drug  in  the  same  final  concentration.  Control  cells  were  suspended  in 
saline,  the  patient's  serum  with  added  guinea  i)ig  complement,  and  with  nor- 
mal serum,  with  and  without  sulfisoxazole.  All  tubes  were  incubated  at  37°C. 
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for  fifteen  to  thirty  ininutes;  iiiul  observed  foi'  :if>;jilutin;i(i()ii,  lysis,  ;in(l  positive 
(_'ooiiil)s  reaetion.  All  tdhes  wer(>  nef^ative. 

Because  of  i)re\'iously  i'e|)orle(l  woi'k  on  liiiinnii  and  annual  liunois,  an 
effoi't  was  made  to  detect  the  pi'esence  of  tissue  hemolysins  or  ahnoi'inal 
tissue  antibodies.  A  small  tunioi'  nodule  was  removt'd  fi'om  the  liver  at  the 
time  of  exploratory  laparotomy  and  ke|)t  frozen  until  used.  The  nodule  was 
uround  foi-  fifteen  minutes  in  ten  times  its  weight  of  saline,  centrifuged  at 
")()()()  ipm  for  thirty  nunutes  at  5°C.,  the  supernatant  removed  and  frozen 
until  used.  Red  cells  fully  compatil)le  with  the  patient's  sc-i'vun  and  noi-mal 
serum  were  made  to  a  1%  susi)ension  in  saline  with  and  without  pi'ior 
trypsinization.  One-half  cubic  centimeter  of  tumor  homogenate  .supernatant 
was  then  incubated  at  37°C.  with  one  cubic  centimeter  of  the  red  cell 
suspension  with  and  without  addition  of  jiurified  guinea  pig  complement  for 
pei'iods  of  from  60  to  150  minutes.  No  agglutination,  lysis,  or  positive  Coombs 
reaction  was  seen  in  any  of  the  tubes.  The  incubated  red  cells  were 
then  incubated  with  normal  serum  or  the  patient's  serum  for  one  hour  at  room 
tem])erature  and  37°C.,  and  again  observed  for  agglutination,  lysis,  or 
positive  Coombs  reaction.  Again,  all  tubes  were  negative. 

COMMENTS 

It  was  felt  that  there  was  adequate  documentation  of  severe  hemolysis  on 
the  basis  of  a  markedly  increased  hemolytic  index  (1),  increased  transfusion 
i-eciuirement,  increased  osmotic  fragility  with  aniso-  and  poikilocytosis, 
spherocytosis,  fragmented  and  bizarrely-shaped  red  cells  with  macrocytic 
changes,  extremely  high  reticulocyte  count,  and  severe  erythroid  liyperplasia 
of  the  bone  mari'ow. 

An  allergic  hemolytic  reaction  to  sulfisoxazole  was  considered,  but  the 
jiatient's  hemoglobin  level  was  falling  before  this  drug  was  started  and  con- 
tinued to  fall  for  one  month  after  it  was  discontinued.  Attempts  to  document 
in  vitro  hemolysis  with  the  drug  w'cre  unsuccessful. 

At  no  time  was  there  any  gross  blood  loss,  and  although  stool  and  gastric 
aspirates  were  positive  for  blood  on  testing  with  guaiac  reagent,  gross  ex- 
amination of  all  excreta  for  fresh  blood  or  melena  was  negative.  In  spite  of 
this  and  the  minimal  blood  loss  at  the  time  of  surgery,  he  had  a  marked 
transfusion  requirement  during  the  last  two  weeks  of  life. 

The  consistently  high  white  blood  cell  count,  normoblastemia,  immature 
granulocytes,  and  abnormally  shaped  red  cells  suggested  extramedullaiy 
liematopoiesis  as  a  factor  m  the  patient's  anemia.  At  autopsy  this  was  not 
found  desj^ite  a  careful  search.  The  involvement  of  the  bone  marrow  with 
tumor,  probably  by  direct  spread,  was  probably  I'esponsible  for  some  of  the 
above  changes  (2) . 

Auto-immune  factors  causing  the  hemolysis  were  considered,  but  extensive 
testing  with  various  cross-matching  techniques,  chemically  altered  red  cells, 
Coomljs  techniques,  and  incubation  with  tumor  extract  revealed  no  evidence 
of  tis.sue  hemolysins  or  unusual  antibodies  by  the  techniques  used. 
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It  was  felt  that  the  megalobhistoid  changes  were  due  to  increased  demand 
for,  and  reduced  supply  of  nutriments  during  the  course  of  acute  hemolysis. 
However,  serum  levels  of  folic  acid  and  vitamin  Bi-  were  not  low.  and  folic 
acid,  in  a  dose  of  100  ^ag  per  day  by  mouth,  did  not  alter  the  hemolytic 
process  or  the  megaloblastoid  picture. 

Thus,  it  was  felt  that  hemolysis  was  the  main  factor  in  the  patient's 
anemia,  but  the  mechanism  for  the  increased  red  cell  destruction  was  not 
clear. 

DISCUSSION 

The  anemia  of  malignancy  has  received  considerable  attention  in  the  recent 
literature.  Before  the  advent  of  radioactive  tracers,  it  was  largely  be- 
lieved that  the  anemia  was  the  result  of  combinations  of  blood  loss,  poor 
nutrition,  and  other  "toxic"  factors  produced  by  the  cancer  itself.  However, 
witli  the  use  of  tracers  in  studying  iron  and  red  cell  kinetics  in  malignancy 
has  grown  an  appreciation  of  definite  shortening  of  red  cell  survival  in 
many  cases  (3-6).  In  addition,  a  review  of  the  literature  has  uncovered 
numerous  cases  of  hemolysis  associated  with  lymphoma  and  leukemia  (10, 
12),  but  only  fifteen  case  reports  where  carcinoma  was  as.^^ociated  with 
clinically  recognized  hemolysis  (Table  HI)  (7-19 1. 

A  review  of  these  fifteen  cases  reveals  that  twelve  have  invoh'ed  the 
gastrointestinal  tract  ( pancreas  included  I .  "While  seven  different  sites  were 
noted,  all  but  four  of  the  fifteen  cases  were  histologically  adenocarcinoma, 
as  was  the  present  case.  Including  the  present  case,  ten  of  the  eleven 
autopsied  cases  showed  reticulo-endothelial  hyperplasia  and/or  increased 
hemosiderin  in  the  liver  or  spleen.  Eleven  cases  had  bony  metastases,  and  six 
had  extramedullary  hematopoiesis.  Since  this  latter  condition  is  in  itself 
associated  with  a  moderate  shortening  of  red  cell  survival,  it  is  possible 
that  some  of  these  cases  had  evidence  of  hemolysis  on  this  basis  alone. 

Experimental  data  on  animals  with  transplanted  tumors  (20-24)  has  shown 
that  reticulo-endothelial  hyperplasia  and  increased  hemosiderin  in  the  liver 
and  or  spleen  are  commonly  seen.  It  has  been  postulated  that  this  increased 
reticulo-endothelial  activity  is  due  either  to  a  foreign  protein  or  toxic  effect 
(21),  or  as  an  attempt  at  a  type  of  homograft  rejection  (24)  by  the  host. 

It  has  been  suggested  that  the  presence  of  necrotic  tissue  in  the  malignancy 
may  be  a  stimulus  to  increased  reticulo-endothelial  activity.  Extracts  of  necrotic 
animal  and  human  tumor  have  also  been  noted  to  Ije  hemolytic  for  red  blood 
cells  in  vitro  (25-271.  Using  extracts  of  necrotic  and  non-necrotic  tumor  in 
hamsters,  Sherman  (20.  21 1  found  tliat  normal  animals  injected  with  cell-free 
extracts  of  necrotic  tumor  showed  the  development  of  significant  anemia,  and  at 
autopsy  showed  splenomegaly  and  increased  bone  marrow  acti\-ity.  Animals 
injected  with  cell-free  extracts  of  non-necrotic  tumor  showed  no  significant 
hematologic  or  autopsy  findings.  It  is  thus  possible  that  the  considerable  necrosis 
noted  in  the  autopsy  of  the  j^resent  case  may  have  had  a  direct  relationship  to 
the  reticulo-endothelial  hyperplasia  also  seen  and  to  the  development  of  hemo- 
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lytic  anemia.  Since  shortened  red  cell  .survival  seems  to  be  fairly  common  in 
patients  with  disseminated  neoplasm  (3-6l,  and  since  tumor  necrosis  is  common 
with  ad\'ancing  disease,  the  necrotic  tumor  tissue  or  some  of  its  products  may 
have  some  role  in  the  genesis  of  these  hematologic  changes. 

The. production  of  auto-antibodies  may  also  be  associated  with  carcinoma 
and  hemolytic  anemia.  Of  the  fifteen  collected  cases,  there  were  atypical 
antibodies  noted  in  three.  One  had  a  jiositive  direct  and  indirect  Coombs 
reaction  with  a  "circulating  antibody  of  auto-agglutinin  nature"  (14),  one  a 
titer  of  cold  agglutinins  to  1:5  (12 1,  and  one  with  an  unusual  difficulty  noted  in 
cross-matching  which  disappeared  immediately  after  removal  of  her  tumor 
(15),  along  with  abatement  of  her  hemolytic  process.  In  a  distinctly  unusual 
case  reported  by  Levine  and  co-workers  ( 28 ) .  a  woman  with  proven  carcinoma 
of  the  stomach  was  found  to  have  blood  incompatible  with  all  of  3000 
random  group  and  type-sjiecitic  donors.  There  was  no  history  of  prior 
sensitizations.  Only  two  people  were  found  to  be  fully  compatible  with  the 
patient's  serum:  her  sister  and  a  woman  in  South  Africa  who  also  had  a 
similar  antibody,  presumably  as  a  result  of  immunization  through  multiple 
pregnancies.  Aliquots  of  the  resected  tumor  were  found  to  specifically 
absorb  the  antibody.  The  authors  concluded  that  the  patient  and  her  sister 
failed  to  inherit  from  their  parents  a  common  red  cell  antigen,  which  they 
called  J-'.  However,  their  patient  harbored  the  antigen  in  her  tumor  cells, 
probably  through  mutation,  leading  to  antibody  formation.  Of  a  similar 
nature  is  the  acquisition  of  a  B-like  red  cell  antigen  in  recently  reported 
cases  of  carcinoma  of  the  colon  and  rectum  (29-31),  and  changes  in  the 
A  antigen  in  various  types  of  leukemia  (32,  33)  during  the  course  of  that 
disease.  In  experimental  tumors,  Betts  and  co-workers  (34)  found  positive 
antiglobulin  tests  in  a  high  percentage  of  tumor-bearing  hamsters.  Of  those 
animals  with  positive  tests  eight  of  twelve  were  anemic,  while  no  animal  with 
a  negati\'e  antiglobulin  test  was  anemic,  suggesting  that  the  positive  test 
precedes  the  anemia. 

An  interesting  phenomenon  of  innnunity  to  transplantation  of  tumor  and 
hemolytic  anemia  in  animals  is  the  FHA  (filterable  hemolytic  agent)  of 
Sacks  et  al.  (35).  This  agent,  which  is  a  replicating  filterable  agent,  pre- 
sumably a  \irus.  produces  a  severe  hemolytic  anemia  in  rats.  Following 
recovery  from  tins  hemolysis,  the  rats  are  immune  not  only  to  further 
hemolysis  from  the  FHA,  but  also  show'  a  remarkable  ability  to  resist  suc- 
cessful transplantation  of  many  different  tumors.  The  authors  are  at  a  loss 
to  explain  this  immunity,  but  suggest  that  genetic  similarities  between  the 
FHA  and  the  tumors  are  responsible.  However,  the  fact  that  a  hemolytic 
process  is  intimately  associated  with  the  phenomenon  of  tumor  immunity 
suggests  that  there  are  antigenic  similarities  among  the  three  systems:  red 
cells,  FHA  and  tumor. 

That  tumors  can  produce  a  "toxic"  i^roduct  or  products  has  long  been 
suggested.  In  vitro  testing  with  extracts  of  tumor,  but  also  with  extracts  of 
normal  tissue,  has  shown  agglutination  and  or  hemolysis  of  red  cells  from 
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llic  saiiic,  or  widely  (lil'ld'cnt  cxpci-iniciital  animals  ami  ^llllllall^  i'M'y  'I"lu; 
status  of  tissue  lieniolysius  is  uncei'laiii  at  lliis  time,  ami  tliei'e  are  some 
who  cast  stroiifj;  doulil  on  tlie  entire  concept  (40).  Such  hemolysins  wci'c 
looked  for  in  the  present  case  but  weic  not  found. 

An  interesting  and  unexpected  liiidinn  which  appeare(|  on  collecting;  othei' 
cases  of  carcinonui  and  hemolytic  anemia  was  the  \ery  high  incidence  of 
carcinomas  of  the  gastrointestinal  tract,  and  of  adeiiocai'cinomas  of  all  sites. 
The  histologic  demonstration  of  glandulai'  sti-uctui'es  in  these  tumors,  plus 
the  histocliemieal  demonstration  of  pi'oduction  of  "colloid,"  "mucin,"  or 
"pseudomuein,"  suggest  that  a  pi'oduct  of  these  tumors  may  indeed  be 
responsible  for  the  hemolysis.  For  the  most  part,  the  main  component  of 
this  mucus-like  matei'ial  is  a  high  molecular  weight  glycoprotein  (41)  or 
nuicoi)olysacchari(le.  Some,  but  not  all,  of  these  molecules  possess  antigenic 
similarities  with  blood  groups  A,  B,  H  and  Le",  and  are  the  substances 
produced  by  so-called  "secretors."  By  using  immunofiuorescent  serum  against 
a  mucin  possessing  A  substance  activity  found  in  ovarian  cyst  fluid,  Glynn 
and  Holborow  (42)  wei'e  able  to  demonstrate  A  substance  production  by 
the  cells  of  an  adenocarcinoma  of  the  stomach,  and  traces  of  activity  in  a 
carcinoma  of  the  colon.  Morgan  and  Watkins  (43)  have  further  characterized 
these  substances,  and  found  that  some  molecules  exist  which  have  both  A  and 
Le"  activity,  as  well  as  those  that  have  A  or  Le"  activity  alone,  or  none  at  all. 
Mild  acid  hydrolysis  of  these  substances  produces  loss  of  the  blood  group 
activity  as  measured  by  iso-agglutinin  inhibition,  but  also  develops  rieio 
serologic  specificity  with  antigenicity,  and  these  altered  substances  ai'e  able  to 
stimulate  antibody  formation  even  in  individuals  of  the  same  blood  groups 
as  those  from  whom  the  original  substance  was  derived.  The  antigenicity 
seems  to  reside  in  the  sugar  groups,  and  not  in  the  amino  acid  portions, 
although  papain  or  ficin  digestion  of  these  compounds  also  destroys  their 
antigenicity,  probably  by  disruption  of  the  entire  molecular  structure. 

Thus,  there  exists  evidence  that  malignancies  do  produce  antigenic  ma- 
terials which  have  similarities  to  the  red  cell  antigens,  and  which  are 
capable  of  altering  their  antigenicity  without  gross  changes  in  their  molecular 
structure.  Systemic  absorption  of  these  molecules  might  explain  the  hemolytic 
process  in  those  cases  referred  to  previously:  the  patient  with  acute  hemolytic 
anemia,  cross-matching  difficulty,  and  pseudomucinous  cystadenocarcinoma 
of  the  ovary  (15),  who  had  reversal  of  her  hemolysis  following  removal  of 
the  tumor,  and  the  cases  of  dermoid  cyst  or  teratoma  (441  of  tlii'  ovary 
who  had  hemolysis  relieved  by  their  removal,  plus  the  unusual  l)Iood  group 
changes  referred  to  above,  occurring  mainly  in  patients  with  carcinomas  of 
the  l)owel.  In  addition,  this  would  explain  why  thirteen  of  the  sixteen  cases 
with  hemolytic  anemia  and  carcinoma  had  negative  antibody  tests,  as  these 
mucin-like  compounds  are  not  gamma  globulins,  and  would  not  be  expected 
to  react  with  ordinary  Coombs  sera.  Furthermore,  it  should  be  mentioned 
that  antibody  testing  such  as  that  done  in  the  jiresent  case  was  negative 
when  the  searchcd-for  end  jioint  was  liemolysis,  agglutination,  or  globulin 
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coating  of  the  red  cells.  Atypical  antibodies  or  reactions  may  exist  which 
prodiici'  more  subtle  red  cell  changes,  however,  such  as  increased  red  cell 
fragility,  oi-  the  peculiai'  ivil  cell  scallopin<i;  noted  in  this  case  and  in  other 
inmnuie  hemolytic  anemias    (45),  which   may  lead  to  decreased  sui'vival 

ill  rii'o. 

A  definite  relationship  seems  to  exist  anion<i  these  tumors,  mucinous  com- 
pounds, and  red  x'ell  antigens,  just  as  was  noted  for  the  FHA  of  Sacks  et  al. 
It  is  the  feeling  of  this  author  that  the  above  findings  are  not  coincidental, 
and  that  further  investigation  of  these  systems  will  help  to  uncover  some 
of  the  problems  of  host  relationships  in  the  various  malignancies. 

SUMMARY 

A  case  of  acute  hemolytic  anemia  occurring  as  a  preterminal  complication 
in  carcinoma  of  the  pancreas  was  presented.  Multiple  laboratory  studies 
failed  to  elucidate  the  mechanism  involved  in  the  hemolysis.  A  review  of 
the  pertinent  literature  on  animal  and  human  tumors  and  hemolytic  anemia 
is  given,  along  with  several  suggestions  as  to  the  possible  mechanisms  in- 
volved. 
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Multijilf  ciKlocrino  adenomatosis  has  been  defined  as  a  distinct  clinical 
entity  (1-3).  The  endocrine  glands  most  frequently  involved  are  the  i)ara- 
thyroids,  pituitary,  and  pancreas.  Histological  studies  have  shown  that  hyper- 
l)lasia  as  well  as  adenomata  can  be  present  in  different  endocrine  glands  of 
the  same  ])aticnt  (2-5).  Hyperjilasia  or  adenoma  of  the  pancreatic  islet 
cells  may  be  manifested  by  hypoglycemia  with  its  characteristic  symptoma- 
tology, oi'  the  Zollinger-Ellison  syndrome  (6,  71.  The  thyroid  and  adrenal 
glands  may  be  involved,  but  only  rarely  are  these  abnormalities  func- 
tional. Bronchial  adenoma  (8)  (sometimes  serotonin  secreting)  and  lipomas 
(9)  luiA-e  l)een  reported  in  association  with  multiple  endocrine  adenomatosis. 

The  present  case  is  of  jiarticular  interest  because  of  the  early  age  of  onset 
(thirteen  years),  the  length  of  personal  observation  (ten  years),  the  re- 
currence of  hyperparathyroidism  due  to  a  mediastinal  parthyroid  adenoma, 
an<l  the  jn-esence  of  a  fifth  functioning  parathyroid  gland. 

CASE  REPORT 

Patient  F.S.,  a  30  year  old  female,  was  first  seen  in  The  Mount  Sinai 
IIos])ital  Endocrine  Clinic  in  ]\Iarch,  1953,  because  of  amenorrhea 
present  since  the  age  of  thirteen,  and  headaches  of  increasing  frequency  for 
one  year.  Menarche  occurred  at  the  age  of  eleven,  and  the  patient  experi- 
enced regular  menses  for  two  years  at  which  time  they  ceased  suddenly. 
She  was  married  at  the  age  of  twenty  and  was  subsequently  unable  to 
conceive.  Vague  "arthritic  pains"  in  the  extremities  had  begun  at  the  age 
of  twenty  and  at  age  twenty-four  she  passed  a  renal  calculus.  In  June,  1952, 
one  year  prior  to  her  first  clinic  visit,  the  patient  noted  the  onset  of 
episodes  characterized  by  sweating,  nervousness,  diplopia,  and  at  times  con- 
fusion, incontinence,  amnesia,  and  loss  of  consciousness.  These  attacks  usually 
occurred  Saturday  oi'  Sunday  mornings  when  she  awoke  late  for  break- 
fast. The  attacks  could  be  aborted  by  drinking  fruit  juice.  In  August,  1952,  she 
was  hosiiitalized  in  a  ])sychiatric  institution  during  an  episode  of  confusion 
thought  to  be  schizophrenic  in  origin. 

The  family  history  was  essentially  negative  except  for  a  sister  who  has  a 
history  suggestive  of  peptic  ulcer  but  has  consistently  refused  any  medi- 
cal attention. 

Physical  examination  during  her  initial  visit  revealed  a  nodular  thyroid 
and  a  bitemporal  field  defect.  The  genitalia,  hair  distribution  and  breasts 
were  normal,  as  was  the  remainder  of  the  examination. 

From  tlie  F>n(Iofrinf>  Research  Laboratory  ami  Clinic  of  the  Deiiartment  of  Medicine, 
Mount  Sinai  Hospital,  New  York,  N.  Y. 

*  U.S.P.H.S.  Trainee,  Grant  Number  73-4624. 
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PiTlinciit  lal)oiat(iiy  cvalual ion  disclosed  tlu"  absence  of  urinary  gonado- 
tropins at  5  mouse  uterine  units.  The  vaginal  smear  was  estrogen  deficient. 
The  PBI  was  5.8  gaiuma'f  and  the  RAT  uptake  after  24  liours  was  20%. 
A  glucose  tolerance  curve  was  cliaracteristic  of  diabetes  mellitu.s  (FBS-67 
mg%,  1  hr.— 192  mg%,  2  hr.— 217  mg^c,  3  hr.— 210  mg%).  X-ray  examina- 
tion of  the  skull  revealed  the  sella  turcica  to  be  enlarged  with  demineraliza- 
tion  of  the  dorsum  sellae  and  the  posterior  clinoid  processes  (Fig.  1). 


Fig.  1.  Enlarged  sella  turcica  with  deniiiieralization  of  the  ilor.suni  sellae  and  the  pos- 
terior clinoid  processes. 

From  August,  1953,  to  November,  1953,  the  patient  received  10,000 
roentgens  air  dose  to  the  pituitary  gland.  Her  headaches  were  markedly 
reduced  in  number  and  intensity,  and  there  was  no  progression  of  her  visual 
field  defects.  However,  morning  episodes  of  nervousness,  sweating  and  con- 
fusion continued.  A  repeat  glucose  tolerance  test  extended  to  5  hours  demon- 
strated a  low  fasting  level  (54  mg%  ),  followed  once  again  by  a  diabetic-type 
curve  (1  hr.— 216  mg%,  2  hr.— 222  mg%,  3  hr.— 144  mg%,  4  hr.— 106 
mg-r  I.  However  at  the  fifth  hour  the  l)!ood  sugar  level  had  fallen  to  45  mg%, 
and  the  patient  complained  of  nervousness  and  sweating.  The  symptoms 
were  relieved  l)y  inti'avenous  glucose.  A  24  hour  urinary  17-hydroxy-corticoid 


MULTIPLIO  ICMKK  HI.NK  ADKNOMATOSIS 


ISl 


(Irtonnination  was  10.1  in<i;.  The  scniiii  calciuiii  was  12.1  mg%  and  sci-iim 

l)Il()S])ll01MlS  2.")  lll<i''f'  . 

'I'lic  paticiil  was  then  admitted  to  The  Mount  Sinai  Hospital  with  tlie 
diagnosis  of  "niultii)le  endocrine  adenomatosis."  Multiple  serum  cah-ium 
determinations  ranged  from  11.5  mg'r  to  12.5  ing'^v,  with  tlie  seinnn  phos- 
phorus consistently  below  2.8  mg%.  A  24  houi'  mine  cah-ium  while  on  a 
Bauer-Aub  diet  was  700  mg.  X-ray  examination  of  the  skeleton  revealed 
diffuse  osteoporosis.  The  lamina  dura  was  jiresent.  Episodes  of  sweating, 
confusion  and  neivousness  associated  with  low  blood  sugar  (28-40  mg%) 
occurred  spontaneously  and  were  induced  by  a  12  hour  fast. 

Abdominal  exploration  was  jierformed  and  two  nodules  were  palj^ated  in 
the  distal  pancreas.  The  right  adrenal  gland  was  also  nodular  to  palpation. 
The  body  and  tail  of  the  pancreas  was  resected  and  on  gross  examination  two 
nodules  w^ere  present  on  each  side  of  the  pancreatic  duct.  The  remainder 
of  the  excised  gland  apiieared  grossly  normal.  Microscopic  examination  of 
the  jiancreatic  nodules  demonstrated  that  they  were  islet  cell  adenomata. 
Postoperatively  the  patient  was  transiently  hyperglycemic,  but  did  not  re- 
quire insulin. 

Six  weeks  after  the  abdominal  procedure  the  patient  was  subjected  to 
exploration  of  the  neck.  All  four  jiarathyroid  glands  were  identified  by  the 
surgeon  on  the  posterior  aspect  of  the  thyroid  and  all  ajipeared  enlarged. 
However  the  inferior  parathyroid  glands  and  the  right  u{iper  gland  were 
markedly  enlarged.  These  three  glands  were  removed.  Pathological  examina- 
tion confirmed  the  removal  of  three  parathyroid  glands,  tw^o  of  which  con- 
tained clear  cell  adenomata.  Postoperatively  the  patient  did  not  experience 
any  signs  or  symptoms  of  hyi)oparathyroidism.  The  serum  calcium  fell  to 
10.6  mg%  and  the  phosphorus  rose  to  3.0  mg%  over  a  three  day  period. 

The  patient  was  subsequently  seen  in  the  Endocrine  Clinic  and  repeated 
calcium  and  fasting  blood  sugar  levels  were  within  the  normal  range.  In 
April,  1957,  she  experienced  three  bouts  of  renal  colic  associated  with  i)yuria 
and  hematuria.  The  serum  calcium  at  this  time  was  11.8  mg%.  An  intrave- 
nous pyelogram  demonstrated  two  stones  in  the  pelvis  of  the  right  kidney 
with  mottled  calcification  of  the  upper  pole  of  the  left  kidney.  The  blood 
urea  nitrogen  was  14  mg^c.  The  ]iatient  was  readmitted  to  The  Mount  Sinai 
Hospital.  Calcium  determinations  were  consistently  elevated  to  approximately 
12.0  mg%  with  a  phosphorus  of  2.7  mg9c,.  While  on  a  Bauer-Aub  diet,  a  24 
hour  urine  contained  400  mg  of  calcium.  The  patient  became  depressed  and 
signed  herself  out  against  advice  when  she  was  notified  that  surgery  was 
indicated. 

She  did  not  return  until  she  experienced  severe  right  flank  pain  associated 
with  urgency  and  costovertebral  angle  tenderness  and  was  admitteed  to  the 
hospital  on  5-15-59.  Intravenous  pyelography  and  cystoscopy  demonstrated 
an  obstructing  stone  at  the  right  ureterovesical  junction  and  another  stone  in 
the  left  ureteropelvic  junction  with  mild  hydronephrosis.  Multiple  serum 
calcium  determinations  were  again  elevated.  A  barium  swallow   (Fig.  2) 
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rcvcaleil  a  flat  inijiression  on  the  left  latci'ul  wall  of  the  esoi)hagus  a  short 
distance  hi'low  the  thoracic  inlet.  X-ray  examination  of  the  upper  gastro- 
intestinal tract  was  normal.  The  24  hour  urinary  17-hydroxy-coi'ticoids  was 
9.9  nig. 

On  5-26-59,  a  left  ureteropyelolitliotomy  was  i)erformed.  The  operative 
and  i)ostoperative  couise  were  uneventful.  On  (3-22-59,  a  neck  exploration  was 
again  jierfoi-med  and  a  parathyroid  adenoma  was  found  between  the  esophagus 
and  pre\  ertei)i'al  space  at  the  base  of  the  neck  in  the  midline.  (It  should  be 
noted  that  at  the  original  exi)loration  of  the  neck  foui-  parathyroid  glands 


Fig.  2.  Flat  impression  on  the  left  lateral  wall  of  the  esophagus  a  sliort  distance  below 
the  thoracic  inlet. 

had  been  identified  on  the  posterior  aspect  of  the  thyroid  gland  but  only 
three  were  I'emoved.  This  woidd  signify  the  presence  of  a  fifth  gland.)  Post- 
operati\'ely  tlie  jiatient  experienced  tingling  of  the  extremities  and  a  Chvostek 
sign  could  l)e  elicited.  In  view  of  her  symptoms,  and  in  spite  of  serum  calcium 
levels  consistently  in  the  range  of  9.0  mg%,  she  was  placed  on  vitamin 
D  50,000  units  twice  daily  and  calcium  lactate. 

Over  the  next  three  years,  the  patient  was  followed  in  the  Endocrine  Clinic. 
Multiple  serum  calcium  determinations  were  within  the  normal  range. 
On  October  2,  1962,  the  patient  ])resented  with  nausea,  headache,  vomiting, 
polyuria  of  two  months'  duration  and  was  admitted  to  the  hospital.  The 
serum  calcium  was  13.0  mg%.  The  vitamin  D  and  calcium  lactate  were 
stopped  w'hile  a  high  fluid  intake  was  encountered.  The  blood  ui-ea  nitrogen  was 
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25  mg'^r.  Thv  scriiiu  calciuiii  I'ct  iii'iicd  to  noi'inal  lc\-cls  ami  all  the  pMliciit's 
syniiitoiiis  w  ci'c  rclicviMl, 

TIk'  patient  has  now  hccai  followed  ioi'  o\'ei-  one  yeai'  while  oil'  all  thei'apy 
and  has  continued  to  have  a  serum  calcium  level  in  the  range  of  9-10  ing%. 
She  lias  exixM'ienced  no  tetany  oi'  tingling  of  the  extremities  but  a  Chvostek 
sign  can  still  he  elicited. 

DISCUSSION 

The  involvement  of  several  endocrine  glands  is  the  characteristic  feature 
of  multiple  endocrine  adenomatosis.  The  entire  symptom  complex  need  not 
he  manifested  when  the  patient  initially  seeks  medical  attention.  Our  patient 
developed  amenorrhea  at  the  age  of  thirteen  secondary  to  a  pituitary 
adenoma;  renal  stones  at  the  age  of  twenty-four;  and  episodes  of  hypo- 
glycemia at  the  age  of  twenty-nine,  consistent  with  previous  reports  that 
the  symptoms  may  successively  appear  at  long  intervals,  thus  making  early 
diagnosis  of  the  complete  syndrome  difficult  and  dependent  ui)on  iieriodic 
complete  endocrine  evaluation. 

( )nce  the  diagnosis  of  multiple  endocrine  adenomatosis  has  been  estab- 
lished, investigation  of  the  jiatient's  entire  family  is  indicated.  Pedigree  studies 
have  demonstrated  transmission  in  an  autosomal  dominant  fashion  with  a  high 
degree  of  penetrance  (10).  Evidence  also  indicates  that  this  syndrome  may 
arise  de  novo,  probably  as  an  autosomal  mutation. 

Symptoms  of  hypoparathyroidism  occurred  in  our  patient  following  removal 
of  a  fourth  parathyroid  gland  (an  ectopic  parathyroid  adenoma  demon- 
strated in  the  superior  mediastinum  by  barium  swallow).  Although  hypo- 
calcemia never  developed  she  was  treated  with  vitamin  D  and  calcium  until 
she  subsequently  manifested  hypercalcemia  with  nausea,  vomiting,  jiolyuria, 
jiolydipsia  and  headache.  After  cessation  of  therapy,  the  serum  calcium 
returned  to  normal  levels  and  has  continued  so,  indicating  the  presence  of  a 
remaining  functioning  parathyroid  gland  which  in  retrospect  had  been  demon- 
strated at  the  first  parathyroid  operation  and  left  in  place.  A  point  not  fre- 
ciuently  emphasized  is  that  approximately  33  per  cent  of  the  j^opulation  has 
more  than  four  parathyroid  glands  (11).  Since  symptoms  of  hypoparathy- 
roidism after  removal  of  a  i)arathyroid  adenoma  can  be  the  result  of  a  rapid 
fall  in  serum  calcium  associated  with  hyporesponsiveness  of  the  remaining, 
jireviously  suppressed,  parathyroid  tissue,  and  avidity  of  the  osteoporotic  bony 
matrix  for  calcium,  it  follows  that  gradually  decreasing  supplemental  therapy 
over  a  prolonged  period  of  time  may  be  required  to  determine  whether 
lifetime  treatment  is  needed  (12). 

The  standard  glucose  tolerance  test  is  of  little  value  in  establishing  the 
diagnosis  of  organic  hypoglycemia,  since  there  is  no  particular  pattern  in 
patients  with  insulin  secreting  tumors  (13).  The  patient  under  discussion 
demonstrated  a  diabetic  curve  on  two  occasions.  The  tumor,  probably  secret- 
ing a  constant  amount  of  insulin,  suppresses  the  normal  islet  tissue  so  that 
there 's  little  if  any  response  to  tlie  glucose  load,  resulting  in  a  typical  diabetic 
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curve,  ^love  i^i'olongod  fasting  or  prolongation  of  the  glucose  tolerance  test 
results  in  hypoglycemia.  The  unresponsiveness  of  the  normal  islet  cells  may  be 
overcome  by  placing  the  patient  on  a  high  carbohydrate  diet  for  several  days 
prior  to  jierfoiMuing  the  glucose  tolerance  test. 

SUMMARY 

A  patient  is  presented  with  multiple  endocrine  adenomatosis  followed  for 
ten  years  (age  30-40),  with  involvement  of  the  parathyroid,  jiituitary,  pan- 
creas, thyroid  and  adrenal  glands.  Secondary  amenorrhea  due  to  a  presumed 
chromophobe  adenoma  of  the  pituitary  occurred  at  the  age  of  thirteen  and 
succeeding  symptoms  of  i)arathyroid  and  islet  cell  hyperfunction  occurred 
eleven  and  sixteen  years  later.  Pituitaiy  irradiation  arrested  the  headaches  and 
bitemporal  hemianopsia  but  secondary  hypogonadism  was  permanent.  Sub- 
total pancreatectomy  with  removal  of  two  functioning  islet  cell  adenomata 
relieved  the  hypoglycemic  episodes.  Four  histologically  identified  parathyroid 
glands  (three  adenomata,  including  an  ectopic  mediastinal  adenoma  demon- 
strated by  barium  swallow  I  were  removed.  Since  hypocalcemia  did  not 
develop,  a  fifth  functioning  ])arathyroid  gland  is  still  present,  stimulating  a 
brief  pertinent  discussion  of  the  management  of  postoperative  hypopara- 
thyroidism. 
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Npiv  Y'ork.  N.  Y. 

In  the  presence  of  diabetes  mellitus,  a  tendency  exists  to  relate  causally 
the  neurological  symptomatology  and  findings  to  this  disease,  e.g.,  diabetic 
neuropathy,  myelopathy  due  to  diabetes,  diabetic  encephalopathy.  Neuro- 
logical syndromes  have  been  considered  "frequently  diffuse  and  disseminated 
and  may  present  a  bizarre  picture"  (1).  The  most  common  neurological 
picture  is  a  diffuse  polyneuropathy,  usually  of  the  lower  extremities.  An 
asymmetric,  predominantly  motor  neuropathy  or  I'adiculopathy  has  also  been 
described  (2|.  One  group  of  unselected  known  diabetic  patients  studied 
clinically  and  by  electromyography  showed  alterations  in  peripheral  nerves 
with  or  without  overt  neurological  signs  and  symptoms  (3).  Ellenberg  proposes 
that  neuropathy  is  one  of  the  five  cardinal  features  of  the  diabetic  disorder 
(4).  However,  he  has  not  only  stressed  the  neurological  manifestations  in 
diabetes  mellitus,  but  he  has  also  written  of  "pitfalls  in  diagnosis"  wherein  a 
neurological  syndrome  was  reputed  to  be  due  to  a  diabetic  etiology  but  was 
later  discovered  to  be  caused  by  another  etiological  agent  (1). 

The  question  has  been  raised  as  to  whether  the  relationship  between  neuro- 
logical syndromes  and  diabetes  mellitus  is  coincidental  rather  than  causal. 
In  an  attemjit  to  clarify  this  problem,  this  pajier  reports  on  an  unselected 
group  of  ]iatients  with  spinal  cord,  spinal  root,  and  nerve  disease  admitted  to 
this  institution  over  a  one-year  period  of  time.  Significantly,  there  was  only 
one  case  of  "polyneuropathy  due  to  diabetes  mellitus."  This  reflects  the 
admitting  jiolicy  of  physicians  at  this  institution  and  not  the  incidence  of  this 
j)articular  syndrome.  The  neurological  and  diabetic  out-patient  clinics  have 
many  patients  with  this  manifestation. 

MATERI.\L 

Two  hundred  hospitalized  patients  were  studied  on  the  Neurological 
Service  because  of  disease  referable  to  the  spinal  cord,  roots,  and/or  nerves 
(Table  I).  The  incidence  of  diabetes  mellitus  in  this  gvoup  was  25  per  cent 
(51  cases) . 

The  nine  known  diabetic  patients  initially  liad  symptoms  such  as  poly- 
dypsia,  polyuria,  weight  loss,  multiple  furuncles,  and  a  fasting  blood  sugar 
determination  confirmed  the  clinical  impression.  The  other  41  cases  were 
diagnosed  after  being  given  100  Gm  glucose  orally  (in  the  morning— breakfast 
was  withheld)  and  two  hours  thereaftei'  l)lood  was  drawn  for  analysis.  In 
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TABLE  I 


M  yeloradiculopalhiefs 


Clinical 
Diabetes 

Positive  2  Hr 
Glucose 
Tolerance 
Test 

Negative  2 
Hr  Glucose 
Tolerance 
Test 

Glucose 
Tolerance 
Test  Not 
Done 

Total 

Group  I.  (73  patients) 

A.  Neoplasm 

26 

1.  Benifjii 

6 

0 

5 

2 

2.  Malignant 

0 

5 

7 

7 

B.  Amyotrophic  latcM'al  sclerosis 

0 

0 

4 

5 

9 

C.  Pain  syndromes 

0 

0 

8 

8 

D.  Infection 

1 

0 

5 

2 

8 

E.  Multiple  sclerosis 

0 

0 

2 

4 

6 

F.  Trauma 

0 

0 

4 

4 

G.  Congenital 

0 

0 

2 

2 

4 

H.  Vascular 

0 

1 

0 

2 

3 

I.  "Myopathy" 

0 

0 

2 

1 

3 

J.  Radiation 

0 

0 

1 

1 

K.  "Diabetic  peripheral  neuropathy" 

1 

0 

0 

1 

(iroup  II.  Mechanical  obstruction  (68 

patients) 

A.  Kyphoscoliosis 

0 

0 

0 

1 

1 

B.  Herniated  cervical  disc 

0 

0 

1 

1 

C.  Cervical  spondylosis 

37 

1.  Myeloradiculopathy 

2 

8 

10 

3 

2.  Radiculopathy 

0 

3 

4 

1 

3.  Myelopathy 

0 

1 

2 

3 

D.  Lumbosacral  herniated  discs 

29 

1.  L2-3 

0 

0 

0 

1 

2.  L4-5 

0 

1 

4 

6 

3.  L5-S1 

0 

3 

1 

5 

4.  Multiple 

1 

1 

3 

3 

Group  III.  Undiagnosed  (59  patients) 

A.  Cervical  region 

34 

1.  Myeloi-adiculopathy 

0 

4 

3 

3 

2.  Radiculopathy 

0 

2 

2 

6 

3.  Myelopathy 

3 

4 

3 

4 

B.  Dorsal-lumbosacral  region 

25 

1.  Myeloradiculopathy 

1 

3 

3 

2 

2.  Radiculopathy 

0 

3 

3 

1 

3.  Myeloi)athy 

0 

3 

5 

1 

Total 

9 

42 

84 

65 

200 

almost  all  these  eases  this  two-hotir  glucose  tolerance  test  was  repeated  when 
an  abnormal  blood  sugar  was  discovered.  Since  65  patients  had  only  fasting 
blood  sugar  determinations,  the  percentage  may  have  even  been  higher.  Never- 
theless, 25  per  cent  is  much  greater  than  the  general  incidence  of  diabetes 
mellitus  in  the  jiopulation  and,  superficially,  seems  to  imply  that  the  metabolic 
disorder  is  more  than  a  coincidental  factor  with  rcsjiect  to  neurological  disease 
of  the  spinal  cord,  roots,  and  nerves. 
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A  more  detailed  look  at  these  patients  reveals  interesting  data.  The  patients 
luivo  been  dividerl  into  tlircM'  gi'OU]is. 

GROUP  I 

Group  I  consists  of  those  whose  diagnosis  was  established  and  usually 
suspected  upon  admission.  This  may  explain  the  relatively  high  (25  of  73) 
incidence  of  patients  who  did  not  have  blood  sugar  determinations  two  hours 
after  an  oral  dose  of  100  Gm  glucose.  Except  for  the  diabetic  patient  with 
l)eripheral  neuropathy  and  the  patient  witli  an  epitlural  abscess,  diabetes  mel- 
litus  seemed  incidental  and  of  no  significance. 

A.  Of  the  benign  si)inal  cord  tumors,  one  had  a  granuloma,  one  a  menin- 
gioma, and  five  had  neurofibromas  (three  of  these  five  suffered  from  general- 
ized neurofibromatosis).  The  two  patients  who  did  not  have  generalized 
neurofibromata  were  both  in  the  seventh  decade  of  life  and  were  thought  to 
have  cervical  spondylosis.  Myelography  revealed  the  neoplasms.  Also  note- 
worthy was  the  fact  that  one  of  the  patients  with  neurofibromatosis  was 
studied  in  1949  because  of  cervical  radicular  pain.  Myelography  revealed 
multiple  partial  blocks  due  to  neurofibromata,  but  she  was  not  operated  upon 
until  1961  when  she  developed  a  paraparesis  and  evidence  of  compression  of 
the  spinal  cord  at  T-7. 

Of  the  malignant  tumors,  11  were  metastatic  (five  from  the  breast,  three 
from  the  lung,  two  from  the  prostate,  and  one  from  the  stomach).  Three  of 
tliese  patients  presented  primarily  as  suffering  from  neurological  disease — two 
with  spinal  cord  lesions  (from  the  breast  and  from  the  lung)  and  one  with  a 
Horner  syndrome  and  a  thoracic  radiculopathy  (from  the  lung).  The  remain- 
ing eight  cases  had  lymphoma  (three),  multiple  myeloma  (one),  Hodg- 
kin's  di.sease  (one),  angiosarcoma  (two),  and  primary  intramedullary  mela- 
noma (one).  Terminally,  one  of  the  patients  with  lymphoma  had  extensive 
involvement  of  spinal  cord,  brain  stem  and  cerebrum.  Post  mortem  examina- 
tion revealed  no  infiltration  by  malignant  cells,  but  a  patchy  demyelinat- 
ing  process.  This  type  of  pathology  associated  with  malignancy  is  now  being 
recognized  more  frequently. 

B.  Of  the  nine  cases  of  amyotrophic  lateral  sclerosis,  one  was  a  2  year  old 
<iirl,  two  were  patients  in  their  late  forties,  and  six  were  in  the  sixth  and 
>('venth  decades  of  life.  The  latter  group  can  sometimes  be  a  diagnostic 
problem,  especially  when  seen  before  the  illness  is  clinically  noted  in  many 
parts  of  the  body.  When  beginning  in  the  upper  extremity,  the  differential 
diagnosis  includes  spinal  cord  tumor  and  cervical  spondylosis  (myelography 
was  performed  in  two  such  cases).  However,  with  the  more  recent  advances 
in  electromyography,  the  diffuseness  of  the  pathology  can  be  sometimes 
substantiated  without  resorting  to  myelography. 

C.  The  pain  syndromes  were  present  in  eight  patients  who  complained  of 
pain,  usually  radicular  in  type,  but  who  did  not  have  any  objective  neuro- 
logical findings.  Four  of  these  were  thought  to  be  suffering  from  severe 
psychiatric  disturbances.  However,  their  pain  was  so  intense  that  they  were 
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hospitalized  to  rule  out  positively  any  organic  basis  to  these  complaints.  One 
of  tlu'Ri  (a  nurse)  had  a  myelogram,  because  she  insisted  that  she  had  a  lesion 
and  wanted  absolute  proof  that  there  was  none.  The  remaining  four  i)a- 
tients  liad  acute  i)ain  syndromes  for  a  matter  of  weeks — one  following  an 
accident  in  which  a  cliijiiH'd  fracture  of  the  second  cervical  vertebrae  was 
noted.  Myelography  in  all  these  patients  revealed  no  changes  which  could 
explain  the  symptoms. 

D.  In  the  infectious  cases,  one  patient,  who  had  diabetes  mellitus,  developed 
an  e|)iduial  abscess  of  the  thoracic  region;  five  patients  had  diffuse  progressive 
polyradiculojmthy,  in  which  the  cerebrospinal  fluid  i)rotein  increased  in  time 
and  no  cells  were  noted  (Guillain-Barre  syndrome);  two  patients  had  spinal 
cord  changes  secondary  to  bone  disease,  due  to  tuberculosis  and  due  to  non- 
specific osteomyelitis  with  a  history  of  subacute  bacterial  endocarditis. 

E.  The  patients  suffering  from  midtiple  sclerosis  are  an  important  group. 
They  were  relatively  young  (in  the  third  and  fourth  decades  of  life).  Their 
disease  manifested  itself  only  as  spinal  cord  dysfunction.  All  had  complete 
normal  myelograms.  They  were  considered  as  suffering  from  multiple  sclerosis 
only  because  they  had  repeated  attacks  of  spinal  cord  disease.  One  of  this 
group  of  patients  subseriuently  developed  evidence  of  a  lesion  in  another 
site  of  the  central  nervous  system.  Actually,  without  a  history  of  remissions 
and  exacerbations,  a  patient  would  be  considered  as  suffering  from  myelopathy 
of  undetermined  origin.  This  underscores  the  thought  that  the  diagnosis  of 
multiple  sclerosis  is  reserved  for  those  patients  usually  in  the  younger  age 
group  who  have  multiple  attacks  of  central  nervous  system  disease  in  time, 
with  multiple  sites  involved.  If  only  spinal  cord  dysfunction  occurs,  myelog- 
raphy is  almost  mandatory.  It  is  well  known  that  spinal  cord  tumors,  espe- 
cially in  the  high  cervical  cord  (foramen  magnum  region)  can  produce  a 
syndrome  of  multiple  attacks  (with  progression)  of  spinal  cord  disease. 

F.  The  small  number  of  patients  with  traumatic  disease  is  due  to  the  fact 
that  most  accident  cases  go  to  the  emergency  rooms  of  the  municipal  hospitals, 
rather  than  to  this  institution.  Actually,  only  two  cases  were  accidents.  One 
of  the  other  patients  had  thoracic  radicular  pains  and  a  history  of  "black- 
outs," which  when  described  suggested  grand  mal  convulsions.  This  patient 
had  multiple  compression  fractures  from  T-6  to  T-12  vertebral  bodies. 
Whether  they  were  causally  related  to  the  grand  mal  seizure  is  dubious.  The 
incidence  of  grand  mal  seizures  is  quite  high  and  compression  fractures  to  this 
extent  are  relatively  rare  (such  cases  usually  involve  one  or  two  vertebral 
bodies).  The  fourth  patient  injured  her  right  upper  extremity  at  work  and 
developed  a  causalgia.  There  was  a  strong  psychogenic  component  to  her 
illness.  It  is  noteworthy  that  she  had  seven  stellate  ganglion  blocks  and, 
finally,  a  right  dorsal  sympathectomy. 

G.  The  congenital  cases  consisted  of  one  Arnold-Chiari  malformation,  which 
presented  as  the  picture  of  an  intramedullary  cervical  cord  tumor,  two  cases 
of  spondolithesis  with  a  sciatic  syndrome,  and  one  patient  with  subarachnoid 
sacral  cysts.  However,  the  latter  entity  is  not  an  uncommon  incidental 
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radiological  fiiidinii;  and  oiic  wonders  wlict lici'  it  is  of  any  etiological  signifi- 
(•ance. 

H.  There  were  three  }iatients  with  known  inti'insic  vasculai'  disease,  one  with 
lu])u.s  erythematosus  and  two  with  periarteritis  nodosa.  This  does  not  reflect 
the  incidence  of  neurological  involvement  due  to  collagen  disease,  which  is 
relatively  high.  Apj)arently,  neurologists  are  not  asked  to  see  such  cases  unless 
they  are  of  exceptional  significance.  The  patient  who  had  lupus  erythema- 
tosus had  seizures  apparently  of  spinal  cord  origin  and  has  been  rejjorted  in 
detail  (5). 

I.  The  three  cases  of  myopathy  are  interesting  insofar  as  two  of  them 
were  relatively  early  cases  and  myelopathy  was  also  considered.  In  one,  the 
cerebrospinal  fluid  protein  was  abnormally  high  and  there  was  a  partial 
manometric  block  with  the  head  in  flexion.  Myelography  was  normal.  Biopsy 
confirmed  the  diagnosis  of  myopathy.  The  other  patient  complained  of 
back  pains  and  had  a  proximal  type  of  muscle  weakness  with  hyperreflexia 
and  a  right  Babinski  sign;  myelogram  was  normal.  The  tliird  case  was 
interesting  because  she  developed  a  myopathy  while  on  steroids  for  rheumatoid 
arthritis.  Electromyography  revealed  abnormal  potentials  with  evidence  of 
lower  motor  neuron  disease,  but  the  muscle  biopsy  revealed  a  myogenic  type 
of  pathology. 

J.  The  patient  with  radiation  myelitis  had  a  carcinoma  of  the  tongue. 
He  had  a  hemisection  of  the  tongue  and  a  radical  neck  dissection,  followed 
two  years  later  with  radiotherapy.  Twenty-four  months  thereafter,  he  de- 
veloped a  paraparesis,  with  a  Brown-Sequard  syndrome  at  C-4.  A  myelogram 
was  performed  because  of  the  possibility  of  metastatic  carcinoma.  Cervical 
spondylosis  was  noted  instead  and  thought  to  be  the  cause  of  his  spinal  cord 
disease.  However,  he  then  developed  pneumonia  and  died.  Post  mortem 
examination  then  revealed  changes  seen  in  radiation  myelopathy — not  spon- 
dylosis. 

K.  The  patient  with  perij^heral  neuropathy  was  26  years  of  age  and  had 
diabetes  mellitus  since  14  years  of  age.  This  illness  was  present  also  in  his 
maternal  grandmother  and  his  paternal  grandfather.  He  had  had  pin  and 
needle  sensations  in  the  distal  parts  of  all  four  extremities  for  two  to  three 
years.  For  one  and  a  half  years,  he  had  had  difficulty  in  maintaining  an 
erection  and  also  noted  "poor  ejaculation."  Nocturnal  diarrhea  had  been 
present  for  three  to  four  months  prior  to  a  hospital  admission  precipitated 
when  he  fell  asleep  with  a  heating  pad  ajjplied  to  his  leg  for  a  bruise,  and 
awoke  with  third  degree  burns  of  the  extremity.  Neurological  examination 
revealed  hyporefiexia,  and  a  glove-and-stocking  type  of  sensory  defect  to  pin, 
touch,  and  temperature.  Vibration  and  position  sense  were  normal.  The 
presence  of  only  one  case  of  peripheral  neuropathy  in  this  series  seems  to  be 
due  to  the  fact  that,  in  our  institution,  such  patients  are  treated  on  an 
out-patient  basis  rather  than  hospitalized.  Although  there  seems  to  be  a  high 
incidence  of  peripheral  neuropathy  in  patients  suffering  from  diabetes  mel- 
litus, there  is  disagreement  as  to  whether  the  condition  represents  a  metabolic 
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disturbance  per  se  of  the  peripheral  nerves  (6) ,  or  whether  the  pathology  is 
secondary  to  a  vascular  disease,  which  in  turn  is  influenced  by  the  diabetes 
niellitus  (71. 

GROUP  II 

Group  II  consists  of  sixty-eight  cases  in  which  mechanical  obstruction 
seemed  related  to  the  clinical  syndrome.  Kyphoscoliosis  and  a  herniated 
cervical  disc  seemed  definite,  as  were  six  cases  of  myeloradiculopathy  due  to 
cervical  spondylosis,  in  which  complete  or  partial  manometric  blocks  existed. 
Interestingly,  there  were  six  additional  patients  who  had  diabetes  mellitus  as 
well  as  cei'vical  spondylosis  with  evidence  of  block  of  cerebrospinal  fluid  flow. 
Of  these,  five  had  no  knowledge  of  diabetes  mellitus,  but  the  two-hour  blood 
sugar  determinations  after  100  Gm  oral  glucose  were  abnormally  high.  The 
sixth  patient  was  a  63  year  old  man,  who  suffered  from  diabetes  mellitus 
for  fifteen  years.  For  twelve  months  he  had  had  difficulty  in  urination,  with 
frequency  and  dribbling  and  occasional  urinary  incontinence.  He  had  be- 
come constipated  during  the  four  months  prior  to  admission.  He  also 
admitted  difficulty  in  having  and  maintaining  an  erection  for  at  least  twelve 
years.  For  ten  years,  he  had  had  pin  and  needle  sensations  in  the  hands  and 
occasionally  in  the  feet — occurring  daily — usually  in  the  morning  and  relieved 
by  "shaking"  the  extremities.  The  neurological  examination  revealed  a 
paraparesis  of  the  lower  extremities,  hypoactive  deep  tendon  reflexes,  but 
absent  ankle  reflexes.  Vibration  sense  was  impaired  in  the  feet;  there  was  a 
defect  to  touch  below  the  knees;  position  sense  errors  were  noted  in  the  right 
foot;  there  was  a  hypoalgesia  from  L-3  to  S-4  in  the  left  lower  extremity. 
A  myelogram  revealed  marked  ridging  of  C3-4,  C4-5,  C5-6,  and  C6-7.  An 
intravenous  pyelogram  revealed  dilatation  of  the  upper  urinary  tracts  and 
an  overdistenfled  urinary  bladder.  A  cystometrogram  could  not  substantiate 
hypotonicity.  He  had  an  enlarged  prostate,  which  was  relieved  by  surgery. 
This  case  is  important  because,  as  Ellenberg  has  cautioned,  a  case  for 
myelopathy  due  to  diabetes  mellitus  could  have  been  made  prior  to  myelog- 
raphy and  urological  examination  (1).  Actually,  a  similar  case  with  bladder 
and  sexual  difficulties  exists  among  the  six  cases  of  nondiabetic  patients  with 
cervical  spondylosis  and  a  manometric  block. 

In  the  experience  of  the  Neurological  Service,  the  question  of  the  significance 
of  dysfunction  of  sexual  performance  has  been  most  difficult  to  evaluate.  The 
question,  a  deeply  personal  one,  doubtfully  can  be  candidly  dealt  with  when 
one  sees  a  patient  for  the  first  time  on  a  consultative  basis.  Also,  the  symptom 
is  not  uncommon  after  the  fourth  decade  of  life.  Whether  this  represents 
aging,  psychogenic  problems,  neurological  defects  with  or  without  diabetes, 
cannot  be  easily  determined.  Even  when  a  26  year  old  patient  with  diabetes 
mellitus  since  the  age  of  14  has  admitted  difficulty  in  sexual  performance, 
one  may  raise  the  question  as  to  how  his  metabolic  disease  has  affected  his 
ego  development.  Nothing  is  known  of  his  "intrapsychic  dynamics"  and 
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llow  inucli  tlic  illiu'ss,  hc^-iiiiiiiiii;  in  puhci'ty,  may  luivc  psycliolof^ically 
traumatized  him. 

The  remaining  cases  diagnosed  as  cervical  spondylosis  had  jiattcrns  of 
disease — myeloradiculopathy  (eleven),  myelopathy  (six),  radiculoi^athy 
leiglitl — which  were  similar  with  or  without  the  presence  of  diabetes  mellitus. 
In  this  grouj)  of  patients  with  mechanical  obstructions,  of  the  14  "diabetic" 
patients,  all  except  the  patient  described  above  had  no  knowl(>dge  of  the  fact 
that  they  suffered  from  this  illness.  The  diagnosis  was  made  because  of  an 
abnormal  blood  sugar  obtained  two  hours  after  the  oral  administration  of  100 
(  Jm  of  glucose.  Actually,  in  these  cases,  some  neurologists  have  even  challenged 
the  causal  relationship  between  the  bony  defects  and  the  clinical  syndrome. 
This  is  due  to  the  relatively  high  frequency  of  "incidental"  bony  defects 
during  myelography.  For  example,  a  patient  may  have  cervical  symptoms 
without  symjjtoms  of  lumbosacral  disease,  but  have  significant  lumbosacral 
myelographic  defects,  as  well  as  an  abnormal  cervical  myelogram.  Con- 
versely, patients  with  abnormal  lumbosacral  findings  and  symptoms  have 
had  incidental  myelography  of  the  cervical  region,  which  has  revealed  defects 
in  the  latter  region  without  any  clinical  symptoms  or  findings. 

The  27  cases  of  lumbosacral  herniated  disc  revealed  similar  problems. 
Only  six  patients  were  diabetic.  However,  myelographic  evidence  of  disc 
herniation  altered  the  diagnosis.  EUenberg  has  detailed  two  such  cases  in  his 
paper  on  "pitfalls  in  diagnosis."  The  fact  that  only  fasting  blood  sugars  were 
studied  in  14  of  27  cases  seems  to  indicate  some  prejudgment  as  to  the  etiol- 
ogy. Most  of  these  cases  were  seen  by  an  orthopedist  prior  to  neurologic 
consultation.  Five  of  the  six  diabetic  patients  did  not  know  of  this  condition, 
but  the  two-hour  blood  sugar  determinations  after  100  Gm  of  oral  glucose 
revealed  abnormalities.  The  64  year  old  patient  with  known  diabetes  mellitus 
had  been  treated  for  two  years  with  Orinase.  He  had  a  three-week  history  of 
severe  pain  beginning  spontaneously  in  the  left  buttock  and  radiating  down 
the  posterior  lateral  aspect  of  that  extremity  into  the  foot.  There  were  no 
other  current  neurological  symptoms  other  than  constipation  "for  years." 
However,  he  had  had  prostate  surgery  a  few  years  previously  and  he  admitted 
to  having  no  sexual  relations  over  the  past  three  years.  The  neurological 
examination  revealed  a  normal  mental  status  and  cranial  nerves,  weakness 
of  the  left  lower  extremity,  proximal  function  being  equally  as  involved  as 
distal  function,  atrophy  of  the  left  calf,  fasciculations  in  both  legs,  equal  and 
active  deep  tendon  reflexes.  No  Babinski  sign  was  noted.  There  was  a 
hypoalgesia  bilaterally  below  T-5,  with  vibration  sensibility  impaired  bi- 
laterally up  to  T-3.  Position  sense  errors  were  made  in  the  toes  of  both  feet. 
Laboratory  tests  revealed  a  fasting  blood  sugar  of  168  mg9c  and  a  two-hour 
blood  sugar  was  250  mg%.  .Standard  x-rays  were  abnormal,  with  marked 
changes  of  the  lumbosacral  vertebrae  and  of  the  midcervical  vertebrae,  espe- 
cially at  C-4  and  C-5.  ^Myelography  demonstrated  a  narrow  lumbosacral 
spinal  canal,  with  multiple  indentations  at  L2-3,  L3-4,  L4-5,  L5-S1,  as  well  as 
multiple  anterior  ridges  with  obliteration  of  the  root  pouches  at  C3-4,  C4-5, 


192 


W.  SENCEK.  W.  TOBIN.  AND  J.  RESNICK 


C5-6,  C6-7,  and  C7-T1.  The  diagnosis  rested  between  diabetic  myeloradicu- 
lopathy, cervical  spondylosis,  and  niultijile  herniated  discs — or  all  three.  He 
was  listed  in  the  category  of  herniated  discs  l)ecaiise  of  the  syni]itoin  of  three 
weeks  of  sciatic  j)ain. 

In  .some  cases,  it  would  seem  that  determination  of  a  causal  relationship 
depends  mori'  on  a  physician's  orientation  than  on  objectivi'  evidence.  The 
orthopedist  notes  a  clinical  syndrome  with  involvement  of  the  spinal  cord  and 
roots,  and  if  there  are  significant  bony  defects  on  standard  x-rays  cor- 
roborated by  myelography,  the  patient  has  spondylosis,  or  herniated  discs. 
This,  for  example,  would  explain  the  relatively  infrequent  two-hour  post-100 
Gm  oral  glucose  blood  sugar  determinations  in  patients  initially  seen  by  bone 
specialists. 

On  the  contrary,  physicians  specializing  in  diabetes  mellitus  are  convinced 
that  the  results  of  the  two-hour  tests  are  significant  and  when  abnormal 
indicate  that  the  jiatient  suffers  from  diabetes.  When  the  patient  simultane- 
ously has  neiu'ological  disease  and  the  cerebrospinal  fluid  protein  is  abnor- 
mally high,  a  causal  relationship  is  frequently  assumed.  However,  it  should 
be  stressed  that  the  relationship  may  be  coincidental  and  that,  alternatively, 
there  is  a  jiossibility  of  mechanical  obstruction.  Thus,  an  abnormally  elevated 
cerebrospinal  fluid  protein  is  not  diagnostic  of  diabetic  involvement  of  the 
central  nervous  system  and,  indeed,  even  in  patients  with  diabetes  more  often 
seems  to  correlate  with  mechanical  impingement  upon  the  spinal  cord  and 
root.* 

In  Group  II.  inasmuch  as  all  these  patients  had  evidence  of  mechanical 
obstruction  with  or  without  diabetes  mellitus,  it  is  not  thought  necessary  to 
implicate  the  metabolic  disorder. 

GROUP  III 

Group  III  consists  of  fifty-nine  patients  in  whom  no  diagno.sis  could  be 
determined.  Twenty-three  of  these  patients  were  thought  to  suffer  from 
diabetes  mellitus,  only  four  of  whom  were  known  diabetics.  The  other  19 
patients  were  diagnosed  by  the  two-hour  blood  sugar  determination  after 
100  Gm  oral  glucose.  It  is  again  to  be  noted  that  17  patients  had  only  fasting 
blood  .sugar  tests  and.  of  course,  there  may  be  additional  "diabetic"  cases. 
The  pattern  of  neurological  illness  was  similar  whether  diabetes  mellitus  was 
present  or  not:  that  is,  myeloradiculopathy,  myelopathy,  and  radiculopathy. 

The  following  clinical  summaries  detail  the  neurological  manifestations  in 
14  patients.  Except  for  the  abnormal  blood  sugar  determinations  among  the 
diabetic  patients,  the  following  tests  (done  as  indicated)  were  found  to  be 
normal:  blood  count,  urinalysis,  sedimentation  rate,  blood  chemistries,  lupus 
preparation,  diagnex  blue  test,  and  porphobilinogen.  (The  latter  determination, 
however,  was  not  done  in  all  cases.  ) 


*  See  Walter  Senear,  The  Cerebrospinal  Fluid  m  Myeloradicvilopathies  Associated  with 
Diabetes  Melhtus,  this  issue  of  the  J.  of  the  Mt.  Sinai  Hosp.,  \\  202. 
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Case  1.  A  71  year  old  man  was  woll  until  eight  months  prior  to  admission,  when  he  dcvcl- 
ojied  spontaneous  pain  in  the  right  buttock  radiating  down  the  posterolateral  aspect  of  the 
thigh  to  the  foot.  He  developed  i)in  and  m  rdlc  si  iis.il  nms  in  the  right  calf  smd,  within  two 
weeks,  his  leg  became  weak.  The  pain  and  I  lie  abnoi  ui.il  sensations  disappeai'ed,  but  the  weak- 
ness remained  and  progressively  began  to  involve  the  other  extremity.  A  month  prior  to  ad- 
mission, he  developed  pain  and  weakness  in  the  right  shoulder  region.  He  could  not  rai.se  his 
hand  to  comb  his  hair  or  to  shave.  He  then  noted  a  rash  over  the  outer  aspect  of  thai  arm. 
Within  a  week,  pin  and  needle  sensations  occurred  in  the  fingers  of  both  hands. 

The  general  medical  examination  was  normal.  The  above-noted  rash  had  disappeared. 

Neurological  Examination:  Mental  status — There  was  no  organic  mental  .syndrome. 
Cranial  nerves — The  cranial  nei'\  es  were  intact.  Motor  status — There  was  a  marked  parapare- 
sis in  the  lowei'  cxtrcniities,  evidenced  by  poor  tapping,  pil  oting  and  hopping.  Abduction  and 
('le\'ation  at  the  ngh(  siioulder  were  poor,  and  the  deltoid  muscle  was  atrophic.  There  was 
^itrophy  of  both  calves  and  of  the  posterior  thigh  muscles.  Fasciculations  were  noted  in  all 
four  extremities  and  in  both  scapular  regions.  Reflexe.s — The  biceps  and  triceps  reflexes  were 
absent,  the  knee  and  ankle  reflexes  hypoactive.  No  Babinski  sign  was  noted.  Sensory  exami- 
nation— There  was  hypoalgesia  in  the  right  upper  extremity  involving  the  fifth  through  sev- 
enth cervical  dermatomes.  There  was  also  hypoalgesia  in  the  right  lower  extremity  involving 
Ij-4,  L-5,  and  S-1.  There  were  concomitant  temperature  defects  in  the  same  areas.  Position 
sense  was  normal.  Vibration  appreciation  was  dimniished  in  both  lower  extremities,  including 
I  he  ilia,  ami  in  both  upper  extremities  distally  to  the  elbows. 

Spi'cial  Laboratory  Tests;  The  lumbar  puncture  was  normal,  except  for  the  cerebrospinal 
fluid  protein  (87  mg%);  lumbosacral-cervical  myelography  was  normal.  Electromyography 
revealed  evidence  of  denervation  of  the  right  deltoid,  biceps,  brachial  radialis,  and  anterior 
tibial  muscles. 

Case  2.  A  66  year  old  woman  was  hospitalized  with  a  one-year  history  of  low  back  pain 
and  stiff  neck.  During  the  three  months  prior  to  admission,  she  developed  stiffness  and  weak- 
ness of  both  legs,  and  also  the  right  upper  extremity.  There  were  no  other  neurological  symp- 
toms, except  that  nine  years  ago,  and  sporadically  since,  there  were  episodes  of  fecal  incon- 
tmenre.  There  were  no  urinary  distm-bances. 

The  general  medical  exammation  was  normal. 

Neurological  Examination:  Mental  status — There  was  no  organic  mental  .syndrome.  Cra- 
nial nerves — The  cranial  nerves  were  intact.  Motor  status — There  was  a  paraparesis  with 
marked  w^eakness  of  hip  flexors.  Reflexes — The  deep  tendon  reflexes  were  equal  and  active. 
There  was  no  Babinski  sign.  Sensory  examination — All  modalities  were  normal,  except  for 
vibration  appreciation,  which  was  impaired  in  both  lower  extremities  from  toes  to  ilium. 

Special  Laboratory  Tests:  The  lumbar  puncture,  and  lumbosacral-dorsal-cervical  myelog- 
raphy were  normal. 

Case  3.  A  65  year  old  woman  was  admitted  with  a  five-year  history  of  progressive  weakness 
of  both  lower  extremities.  For  four  years,  she  had  had  difficulty  in  urination,  with  frequency 
and  incontinence.  Three  weeks  prior  to  admission,  there  developed  numbness  in  the  toes  of 
the  left  foot. 

The  general  medical  examination  was  normal. 

Neurological  Examination :  Mental  status — There  was  no  organic  mental  syndrome.  Cra- 
nial nerves — The  cranial  nerves  were  intact.  Motor  status — She  walked  with  a  broad-based 
gait  and  there  was  a  paraparesis  of  the  lower  extremities,  with  weakness  most  evident  prox- 
imally.  There  was  weakness  of  both  sternocleidomastoid  muscles.  Reflexe.s — The  deep  tendon 
reflexes  were  equal  and  active.  There  were  bilateral  Babinski  signs.  Sensory  examination — 
She  had  hypoalgesia  with  a  level  at  T-1  bilaterally.  She  made  position  sense  errors  in  the  toes 
of  both  feet.  Vibration  appreciation  was  impaired  bilaterally  with  a  level  at  T-4. 

Siiecial  Laboratory  Tests:  A  sweat  te.st  revealed  no  .sweating  below  the  umljilicus.  Cysto- 
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metrogram  revealed  a  hypotonic  bladder.  Lumbar  punciuro  and  hinibosacral-dorsal-cervical 
myelography  were  normal. 

Case  4-  A  58  year  old  man  wa.s  well  until  I  luce  months  prior  to  admission,  when  he  sud- 
denly had  a  severe  attack  of  difficulty  in  breathing.  An  emergency  admission  to  another  hos- 
pital revealed  him  to  be  in  acute  congestive  heart  failure.  He  then  developed  urinaiy  re- 
t(niti()n,  which  persisted  and  necessitated  prostatectomy  (performed  under  spinal  anesthesia). 
Prior  to  siu'gery,  the  only  urological  symptom  was  occasional  nocturia  during  the  past  ten 
years.  He  asserted  this  occurred  when  he  was  awakened  during  the  night  by  "my  old  groin 
pain."  This  discomfort  had  been  present  for  thirty  years,  occurred  daily,  and  had  been  refrac- 
tory to  \  arious  treatments.  Twenty-four  hours  after  surgery,  he  developed  numbness  in  the 
right  foot,  involving  the  first,  second,  and  third  toes,  and  to  a  lesser  degree,  the  toes  of  the 
left  foot.  Foiu-  weeks  later,  pin  and  needle  sensations  ensued  in  the  feet  and  lower  third  of 
both  legs.  He  also  noted  severe  pain  in  "the  bones''  of  the  feet,  so  severe  that  he  was  unable 
to  walk  or  stand.  There  was  concomitant  difficulty  in  starting  the  stream  of  urination,  occa- 
sional dribbling,  but  no  incontinence. 

The  general  medical  examination  revealed  moderate  congestive  heart  failure. 

Neurological  Examination:  Mental  status — There  was  no  organic  mental  syndrome.  Cra- 
nial nerves — The  cranial  nerves  were  intact.  Motor  status — He  walked  with  a  broad-ba.sed 
gait  and  could  not  tandem  walk.  The  Romberg  test  was  negative.  Tapping  was  poorly  per- 
formed with  the  left  foot.  He  could  not  hop  on  the  left  leg.  The  right  big  toe  could  not  be 
dorsiflexed  and  dorsiflexion  of  the  second,  third  and  fourth  toes  was  weak.  Hopping  was 
poorly  performed  with  the  right  lower  extremity.  Reflexes — The  deep  tendon  reflexes  were 
ecjual  and  active,  except  for  the  ankle  reflexes,  which  were  onlj^  pre.sent  upon  reinforcement. 
No  Babinski  signs  were  noted.  Sensory  examination — There  was  a  hypoalge-sia  involving  the 
lower  third  of  the  right  leg  and  the  dorsum  of  the  foot  and  toes.  Temperature  sensibility  was 
decreased  in  the  same  areas.  Position  sense  errors  were  made  in  the  toes  of  both  feet.  Vibra- 
tion sense  was  impaired  in  both  ilia  and  below.  There  was  a  hypesthesia  in  the  toes  and  dor- 
sum of  both  feet. 

Special  Laboratory  Tests :  The  lumbar  puncture  and  a  lumbosacral-dorsal  myelogram  were 
normal.  An  eleetromyogram  was  normal.  Standard  x-rays  of  the  cervical  spine  revealed  en- 
croachment of  the  spinal  canal  at  C5-6.  The  anterior-posterior  diameter  was  10.5  mm. 

Ca.se  5.  A  50  year  old  woman  was  admitted  with  a  three-year  history  of  gradual,  progressive 
difficulty  in  walking.  Both  legs  were  equally  paretic.  For  two  years,  she  had  difficulty  in  using 
her  hands,  as,  for  example,  in  cutting  meat  and  buttoning  clothes.  During  the  six  months 
prior  to  admission,  there  was  dribbling  of  urine  and  occasional  urinary  incontinence.  For  the 
past  three  weeks  she  felt  as  if  both  her  hands  were  held  down  when  she  attempted  to  feed 
herself.  She  began  to  drop  utensils  and  noted  marked  difficulty  in  attempting  to  type.  There 
was  occasional  "twitching"  of  both  lower  extremities.  Her  legs  became  stiff  and  swelling  of 
both  legs  ensued. 

The  general  medical  examination  revealed  bilateral  pitting  edema,  and  there  was  deformity 
and  atrophy  of  the  right  forearm,  which  had  been  present  since  birth. 

Neurological  Examination:  Mental  status — There  was  no  organic  mental  syndrome.  Cra- 
nial nerves — The  cranial  nerves  were  intact.  Motor  status — The  patient  could  not  walk.  There 
was  marked  spasticity  of  both  lower  extremities.  There  was  some  movement  at  the  knees 
but  almost  total  paralysis  of  the  feet.  There  was  distinct  weakness  of  all  fingers  in  extension, 
abduction,  and  adduction;  wrist  extensors  were  slightly  paretic.  Power  at  the  elbows  and 
shoulders  was  normal.  There  was  atrophy  of  the  interossei  muscles  in  both  hands.  Reflexes — 
The  deep  tendon  reflexes  were  equal  and  active  in  the  upper  extremities,  the  knee  reflexes 
were  relatively  hyperactive  and  equal,  the  ankle  reflexes  were  hypoactive.  There  were  bi- 
lateral Babinski  signs.  Sensorj'  examination — There  was  a  mild  hypoalgesia  and  concomitant 
defects  to  temperature  sensibility  in  both  lower  extremities.  There  was  sacral  sparing.  Position 
sense  errors  were  made  in  the  toes  and  fingers  of  the  four  extremities.  There  was  bilateral 
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storoo-anosthesia.  Vibration  appreciation  was  imiiair(>(l  in  (ho  fiiifrcrs  r)f  holh  IlukIs  .iikI  in 
hotli  lower  extremities  at  the  ilium  and  below. 

Special  Laboratory  Tests:  lAimbar  puncture,  lumbosacral-dorsal-cervical  myelogram  and 
myeloencei)halogram  were  normal.  Electromyography  revealed  no  abnormalities  aside  from 
s()ni(>  decrease  in  tli(>  numl)er  of  motor  units. 

Case  6.  A  59  .year  old  man  was  admitted  with  a  four-year  history  of  difficulty  in  balance. 
Ke  initially  noted  awkwardness  in  going  down  steps  and  could  not  feel  the  steps  with  tlie  bot- 
tom of  Ids  feet.  The  sensation  was  "as  if  walking  on  cusiiions."  Symptoms  progressed  to  the 
need  for  a  cane.  During  the  past  two  years  he  had  urinary  symptoms — "urination  never  felt 
complete" — and  he  had  occasional  episodes  of  incontinence.  The  only  other  neurological 
symptom  was  "arthritis,"  a  difficulty  in  clenching  his  left  hand  during  the  previous  five  years. 

Seventeen  years  ago,  he  had  attacks  of  coronary  llnombosis  and,  again,  ten  years  ago.  He 
took  nitroglycerin  for  angina. 

The  general  medical  examination  was  not  remarkable.  Th(Me  was  a  slightly  enlarged  pros- 
tate gland.  Blood  pressure  was  170/120. 

Neurological  Examination:  Mental  status — There  was  no  organic  mental  syndrome.  Cra- 
nial nerves — The  cranial  nerves  were  intact.  Motor  status — His  gait  was  unsteady  and  he 
required  a  cane.  The  Romberg  test  was  positive.  There  was  paraparesis  with  foot  tapping 
defective  and  bilateral  heel  to  knee  ataxia.  There  was  no  dysfunction  of  the  upper  extremi- 
ties. Reflexes — The  knee  and  ankle  reflexes  were  hyperactive.  There  were  bilateral  Babinski 
signs.  Sensory  examination — Vibration  appreciation  was  impaired  at  the  iliac  crest,  the  left 
more  than  the  right,  barely  present  at  the  right  knee  and  absent  below  the  knees  bilaterally. 
There  was  loss  of  position  sense  in  both  feet  and  toes.  Pain,  temperature,  and  touch  sensa- 
tions were  normal. 

Special  Laboratory  Tests :  The  lumbar  puncture  was  normal,  except  that  spinal  fluid  pro- 
tein was  74  mg%.  A  lumbosacral-dorsal-cervical  myelogram  was  normal. 

Case  7.  A  57  year  old  man  was  well  until  three  months  prior  to  admission  when  he  devel- 
oi)ed  a  thrombophlebitis  of  the  left  leg,  which  was  treated  with  antibiotics.  The  following 
month  a  renal  infection  occurred  and  again  antibiotics  were  given.  The  week  prior  to  admis- 
sion he  awoke  in  the  middle  of  the  night  with  severe  pain  in  the  left  posterior  aspect  of  the 
neck,  followed  by  pin  and  needle  sensations  in  botii  shoulders  radiating  down  the  extremities 
to  the  elbows.  At  this  time,  his  temperature  was  103.2°.  The  next  day  he  noted  marked  weak- 
ness at  the  shoulders  and  elbows  and  was  hospitalized. 

The  general  medical  examination  was  normal. 

N(nu-ological  Examination:  Mental  status — There  was  no  organic  mental  syndrome.  Cra- 
nial ni'r\cs — The  cranial  nerves  were  intact.  Motor  status — There  was  a  marked  paresis  in  the 
left  upper  extremity,  especially  abduction  at  the  shoulder  and  extension  at  the  elbow.  The 
right  upper  extremity  was  similarly  involved,  but  to  a  lesser  degree.  He  had  concomitant 
finger  to  nose  ataxia.  Reflexes — The  triceps  reflexes  were  hypoactive  relative  to  the  other 
deep  tendon  reflexes,  which  were  equal  and  active.  No  Babinski  sign  was  noted.  Sensory  ex- 
amination— Sensation  was  normal  to  pain,  temperature,  touch,  vibration,  and  position  sen- 
sibilities. There  was  definite  spinal  tenderness  in  the  lower  cervical  vertebral  region. 

Special  Laboratory  Tests:  Lumbar  puncture  and  dorsal-cervical  myelogram  were  normal. 

Case  8.  A  61  year  old  man  was  admitted  with  a  five-month  history  of  slow,  progressive  pain 
and  weakness  of  the  lower  extremities  which  involved  both  legs  eciually.  Pain  was  limited  to 
his  heels. 

The  general  medical  examination  was  normal  except  for  fever,  which  was  finally  attributed 
to  a  urinary  infection.  He  also  had  an  enlarged  heart,  a  grade  three  apical  systolic  murmur, 
and  two-plus  bilateral  ankle  edema. 

Neurological  Examination:  Mental  status — There  was  no  organic  mental  syndrome.  Cra- 
nial nerves— The  cranial  nerves  were  intact.  Motor  status — There  was  a  paraparesis  of  both 
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legs.  Proximal  function  was  more  involved  than  distal  function.  Reflexes — The  deep  tendon 
reflexes  were  e(|ual  and  active,  except  for  the  ankle  reflexes  which  were  absent  bilaterally. 
No  Babinski  sign  was  noted.  Sensory  examination — Vibration  was  impaired  in  both  lower  ex- 
tremities from  the  knees  to  the  toes.  Position  sense,  i>ain,  tciiipciatiirc  and  touch  were  normal. 

Special  Laboratory  Tests:  I.tuiibar  iiunctino  and  comjilete  pantopaquc  myelography  were 
normal. 

Case  9.  A  51  yvav  old  man  slipped  on  ice,  twisted  his  left  ankle,  and  was  found  to  have  a 
fracture  five  weeks  thereafter.  Six  weeks  after  a  cast  was  removed  he  noticed  weakness  in 
that  leg.  This  weakness  progressed  for  two  months.  There  was  an  additional  history  of  tran- 
sient paraesthesia  of  the  right  foot  and  ankle,  lasting  ten  to  fifteen  minutes,  occurring  spo- 
radically over  the  past  two  or  three  years.  He  denied  any  other  neurological  symptoms,  ex- 
cept an  episode  of  double  vision  seven  years  previously  of  "weeks"  duration. 

Th(>  general  medical  examination  was  normal. 

Neurological  Examination:  Mental  status — There  was  no  organic  mental  syndrome.  Cra- 
nial nerves — The  cranial  nerves  were  intact,  except  for  evidence  of  bilateral  iridectomies 
which  had  been  performed  for  cataracts  three  years  previously.  Motor  status — There  was 
definite  weakness  of  the  right  lower  extremity,  as  noted  on  pivoting,  tapping,  and  hopping. 
Reflexes — The  deep  tendon  reflexes  were  equal  and  active  in  the  upper  extremities.  The  left 
knee  reflex  and  both  ankle  reflexes  were  hypoactive.  There  was  a  right  Babin.ski  sign.  Sensory 
examination — Vibration  appreciation  was  impaired  from  the  ilium  to  the  toes,  the  right  leg 
more  so  than  the  left.  Position  sen.se  errors  were  made  in  the  toes  of  the  right  foot  and  the 
fifth  toe  of  the  left  foot.  Temperature  sensitivity  was  diminished  in  the  right  foot.  Pain  sen- 
sation was  normal. 

Special  Laboratory  Tests:  Lumliar  innicturc  and  comiileto  pantoiiaipie  myelography  were 
normal. 

Case  10.  A  58  year  old  man  was  admitted  with  a  one-year  history  of  pin  and  needle  sensa- 
tions of  the  right  lower  extremity  occurring  in  episodic  attacks  and  lasting  two  to  three  min- 
utes. He  also  noted  infrequent  spontaneous  "shaking"  of  the  right  foot.  He  had  become  con- 
stipated over  the  past  six  months,  noted  urinary  frequency,  and  two  weeks  prior  to  admission 
an  epi.sode  of  urinary  incontinence  occurred.  Concomitantly,  he  felt  "deadness"  of  the  right 
foot. 

The  general  medical  examination  was  normal. 

Neurological  Examination:  Mental  status — There  was  no  evidence  of  an  organic  mental 
syndrome.  Cranial  nerves — The  cranial  nerves  were  intact.  Motor  status — There  was  a  para- 
paresis of  the  lower  extremities,  the  right  leg  being  more  involved  than  the  left.  Proximal 
function  was  worse  than  distal  function.  He  could  not  sit  up  from  a  supine  position.  Reflexes — 
The  deep  tendon  reflexes  were  equal  and  active,  except  that  the  left  ankle  reflex  was  absent. 
There  were  bilateral  Babinski  signs.  Sensory  examination — Vibration  sensation  was  impaired 
in  the  right  leg,  from  toes  to  ilium,  and  in  the  left  foot.  Position  sense  errors  were  made  in  the 
toes  of  both  feet.  There  was  a  level  to  pain  sensibility  on  the  right  side  at  T-8. 

Special  Laboratory  Tests:  The  lumbar  pimctiu-e  and  complete  pantopaque  myelography 
were  normal. 

Ca.se  11.  A  50  year  old  man  was  admitted  with  a  two-year  history  of  slow,  progressive  weak- 
ness of  both  legs.  During  this  time  he  admitted  to  having  "poor  erection,"  and  did  not  have 
sexual  intercourse.  In  the  past  year  there  were  two  episodes  of  urinary  retention  requiring 
catheterization. 

The  general  medical  examination  was  normal. 

Neurological  Examination:  Mental  status — There  was  no  organic  mental  .syndrome.  Cra- 
nial nerve.s — The  cranial  nerves  were  intact.  Motor  status — There  was  a  paraparesis  of  the 
lower  extremities.  Proximal  function  was  more  involved  than  distal  function.  No  atrophy  or 
fasciculations  were  noted.  Tone  was  normal.  Reflexes — The  deep  tendon  reflexes  were  hyper- 
active and  equal.  There  was  a  transient  ankle  clonus  in  the  left  foot.  A  Babinski  sign  was 
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noted  on  the  left.  Sensory  examination — The  sensory  exaniiiial  ion  was  normal  lo  viliral  ion, 
jiosition,  pain,  temperature  and  touch. 

Special  Laboratory  'i'ests:  Lumiiar  puncluic.  comiijcli'  |ianto|>;i(|Ue  iii\Ti()t;r,i|ili\-.  .-ind 
l)neumocncephalograi)hy  vvcmc  normal. 

(\isr  12.  A  47  year  old  woman  was  admitted  because  of  "strange  sensations"  in  both  legs 
and  difficulty  in  walking.  Two  weeks  prior  to  admis.sion,  she  noted  sudden  knife-like  pains  in 
her  li^'t  leg  radiating  into  the  big  toe.  Some  moments  later,  tiie  pain  changed  into  a  "numb- 
ness" and  then  a  feeling  of  ])ins  and  needles.  This  abnormal  sensation  oxtenchnl  down  both 
lower  extremities  from  I  lie  hiji.  Tiiere  was  concomitant  weakness  in  both  legs,  the  lel'l  luore 
than  the  right. 

The  general  medical  examination  was  normal. 

Neurological  Examination:  Mental  status — There  was  no  organic  mental  syndrome.  Cra- 
nial nerves — The  cranial  nerves  were  intact.  Motor  status — She  walked  with  a  wide-based 
gait.  Tandem  walking  was  poorly  performed.  There  was  a  paraparesis  of  the  lower  extremities, 
the  left  being  worse  than  the  right.  Reflexes — The  deep  tendon  reflexes  were  equal  and  ac- 
tive. There  was  a  left  Babinski  sign.  Sensory  examination — The  sensory  examination  was 
normal  to  all  modalities,  except  for  diminution  in  vibration  sense  in  both  ilia  and  below, 
more  so  on  the  left. 

S])ecial  Laboratory  Tests:  Lumbar  puncture  and  complete  pantopaque  myelography  were 
normal. 

Case  13.  A  46  year  old  man  was  admitted  with  a  one-year  history  of  iiain  in  the  left  but- 
tock radiating  iiostcrioilx-  down  to  the  ankle  and  also  anteriorly  into  the  left  groin.  His  legs 
were  tired,  the  li  lt  nioir  so  than  the  right.  There  were  transient  pin  and  needle  sensations  in 
the  left  foot.  Concomitantly,  he  had  urinary  freriuency  and  difficulty  in  initiating  urination. 
For  seven  months  he  admitted  to  inability  to  maintain  an  erection  and  for  four  months  he 
suffered  from  constipation. 

The  medical  history  was  significant  in  that  he  had  gout,  and  peptic  ulcer  was  diagno.sed  at 
the  age  of  22. 

The  general  medical  examination  was  normal. 

Neurological  Examination:  Mental  status — There  was  no  organic  mental  syndrome.  Cra- 
nial nerves — The  cranial  nerves  were  intact.  Motor  status — There  was  weakness  in  the  left 
leg,  in  hip  flexors  and  extensors,  knee  flexors,  and  dorsiflexion  of  the  foot.  Reflexe.s — The 
deep  tendon  reflexes  were  equal  and  active.  No  Babinski  sign  was  noted.  Sensory  examination 
— Vibration  sense  was  diminished  in  both  ilia  and  impaired  in  all  the  toes.  Position  sense  and 
touch  were  normal.  There  was  a  hypoalgesia  in  the  entire  left  lower  extremity. 

Special  Laboratory  Tests;  The  lumbar  punctiu'e  and  complete  pantopariue  myelography 
were  normal. 

Cane  I4.  A  68  year  old  man  was  admitted  for  the  .second  time  following  a  four-month  his- 
tory of  progressi\c  "sh.iking"  and  "cold"  feelings  in  the  legs.  Six  weeks  prior  to  admission,  he 
ileveloped  burning  pam  in  the  right  hand  and  the  right  foot.  His  hands  and  feet  were  always 
cold  and  he  had  trouble  buttoning  his  clothes.  He  also  admitted  to  constipation  and  nocturia 
for  the  past  twelve  months.  The  past  history  was  significant  in  that  three  years  previously 
he  was  hospialized  because  of  episodes  of  falling.  At  that  time  he  complained  of  two  attacks 
in  one  month  in  which  he  had  a  feeling  of  "being  juished,"  and  actually  fell  to  the  ground. 
Both  times  he  could  not  rise  without  assistance.  He  denied  any  other  neurological  symptoms. 

The  general  medical  examination  was  normal. 

Neurological  Examination:  (First  admission)  Mental  status — There  was  no  organic  mental 
syndrome.  Cranial  nerves — The  cranial  nerves  were  intact,  except  for  bilateral  corneal  opaci- 
ties. There  was  decreased  visual  acuity  in  the  right  eye.  The  right  pupil  was  miotic;  there  was 
ptosis  of  the  right  eyelid.  Motor  status — He  walked  with  a  spastic  gait.  The  Romberg  test 
was  negative.  Associated  movements  were  intact,  but  there  was  increased  tone  in  all  extremi- 
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ties.  The  left  hand  grip  was  weak,  and  fine  tapping  and  pivoting  of  both  feet  were  clumsy. 
Reflexes — The  deep  tention  reflexes  were  equal  but  hyperactive.  There  were  bilateral  Babin- 
ski  signs.  Sensory  examination — There  was  no  apparent  sensory  abnormality. 

Xe\ui)logical  Examination:  (Current  admission)  Mental  status  and  Cranial  nerves — No 
change  from  the  first  examination.  Motor  status — He  walked  with  a  shuffling,  rigid  gait.  There 
was  a  (piadriparesis  and  all  fine  movements  were  slow.  There  was  atrophy  of  the  intrinsic 
hand  musculature.  Reflexes — The  deep  tendon  reflexes  were  equal  but  hyperactive.  There 
were  bilateral  Babinski  signs.  Sensory  examination — Vibration  sense  was  impaired  at  both 
ilia  and  below.  Position  sense  and  stereognosis  were  impaired  in  the  left  hand.  There  was 
normal  i)erception  to  touch  and  pin-prick. 

Special  Laboratory  Tests:  (First  admission)  A  lumbar  puncture  was  normal,  except  for 
spinal  fluid  protein  of  63  mg%.  Pantopacjue  myelography  revealed  a  transverse  defect,  pre- 
sumably due  to  a  bony  ridge,  between  C-3  and  C-4  vertebrae.  With  the  head  in  extension, 
the  pant  opaque  was  blocked  in  the  midcervical  region. 

Special  Laboratory  Tests:  (Second  or  current  admission)  Lumbar  inmcture  revealed  a 
partial  block  in  head  extension  and  the  cerebrospinal  fluid  protein  was  208  mg%.  Cervical 
myeloencephalogram  revealed  band  defects  corresponding  to  C3-4,  C5-6,  C6-7  intervertebral 
disc  spaces.  In  the  lateral  view,  there  were  anterior  defects  in  the  pantopaque  column  at  the 
levels  of  C3-4,  C5-6,  C6-7  interspaces. 

It  is  clear  that  a  careful  perusal  of  the  above  cUnical  summaries  reveals  the 
impossibility  of  separating  the  cases  with  and  without  diabetes  mellitus.  Actu- 
ally, the  odd-numbered  cases  had  this  metabolic  disorder. 

Case  1  (diabetic)  is  complicated  by  the  history  of  a  rash,  which  may  have 
been  a  herpetic  lesion,  and  the  virus  of  simplex  and  zoster  are  well  known 
to  cause  myeloradiculopathies. 

Case  2  (nondiabetic)  is  one  of  the  few  with  fecal  incontinence.  In  this 
series,  except  for  the  patient  with  diabetic  peripheral  neuropathy,  fecal  in- 
continence did  not  occur  in  any  diabetic  patients.  Apparently,  bowel  symptoms 
(diarrhea  with  occasional  fecal  incontinence)  may  occur  among  diabetics,  but 
the  clinician  should  be  wary  of  other  causes,  as  stressed  by  the  case  report  of 
Whisnant  and  Love  (8). 

Case  3  (diabetic)  had  urinary  incontinence  with  a  dorsal  cord  lesion.  She 
also  had  bouts  of  intestinal  obstruction.  Clinically,  there  was  no  evidence  of 
root  and  nerve  disease  (even  the  ankle  reflexes  were  active) .  The  cerebro- 
spinal fluid  was  normal.  This  is  contrary  to  the  reported  cases  of  diabetic 
neuropathy  with  fecal  incontinence. 

Case  4  seemed  to  have  a  peripheral  radicular  neuropathy,  as  well  as  a 
myelopathy.  He  was  noted  to  be  nondiabetic  and,  because  of  his  poor  medical 
.state,  a  cervical  myelogram  was  not  performed.  In  view  of  the  narrow  A-P 
diameter  of  the  cervical  canal,  cervical  spondylosis  could  very  likely  have  been 
present  as  well. 

Case  5  is  the  only  patient  described  above  who  was  known  to  suffer  from 
diabetes  mellitus  (24  years)  and  upon  admission  was  taking  45  units  of  NPH 
insulin.  Incidentally,  she  had  had  two  previous  myelograms  in  three  years 
prior  to  the  above  admission. 

Three  other  patients  known  to  be  diabetics  were  not  described.  Two  of  them 
did  not  have  myelography.  The  first  was  a  54  year  old  woman  who  had 
been  hospitalized  because  the  diabetes  was  uncontrolled.  It  was  also  noted 
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that  she  hud  a  i)araparesis  whicli  was  of  eight  montlis'  duration.  Due  to  the 
presence  of  diabetes,  a  causal  rehitionship  was  presumed  probable  (in  retrospect, 
one  can  say  that  cervical  spondylosis  is  just  as  likely).  The  second  case  was 
a  54  year  old  man  who  had  suffered  from  diabetes  mellitus  for  21  years  and 
was  taking  50  units  of  protamine  zinc  insulin  daily.  He  had  a  progressive 
hemiparesis  over  a  two-year  period.  There  was  concomitant  atrophy  noted  of 
the  riglit  sliouldci'  musculature,  and  bilateral  vibration  and  position  sense 
impairment  in  the  lower  extremities.  Pneumoencephalography  and  angiogra- 
phy  were  done.  No  myelogram  was  performed.  The  third  case  was  a  40  year 
old  woman  who  was  taking  Orinase  for  the  past  year  and  a  half  because  of 
diabetes  mellitus.  She  developed  a  sciatic  syndrome  and  after  two  months 
was  hospitalized.  Lumbar  puncture  and  myelography  were  normal. 

Case  6  had  myeloradiculopathy  with  urinary  incontinence  and  an  abnor- 
mally high  cerebrospinal  fluid  protein.  However,  he  was  not  diabetic  and  had 
no  evidence  of  mechanical  obstruction.  He  typifies  the  lack  of  evidence  to 
make  any  etiological  diagnosis.  Too  often,  the  presence  of  diabetes  mellitus 
or  mechanical  obstruction  allows  the  physician  to  label  the  patient — but 
perhaps  incorrectly. 

Case  7  had  a  relatively  acute  and  painful  radiculopathy.  When  a  two-hour 
blood  sugar  determination  was  reported  as  abnormal,  and  with  a  recent 
history  of  infections,  an  epidural  abscess  was  suspected.  Emergency  myelog- 
raphy was  performed  but  nothing  was  found.  The  spinal  fluid  protein  was 
normal.  One  might  diagnose  diabetic  radiculopathy,  but  viral  inflammatory 
lesions  also  occur  without  the  presence  of  diabetes,  and  who  can  state  posi- 
tively the  correct  diagnosis? 

Case  8  had  relatively  acute  myeloradiculopathy.  He  had  vibration  impair- 
ment in  the  legs  and  feet  and  no  ankle  reflexes.  The  lumbar  puncture  and 
myelogram  were  normal.  He  was  not  diabetic.  This  is  considered  unusual, 
since  a  large  series  of  cases  have  been  investigated  with  respect  to  deep 
reflexes  and  most  patients  with  absent  ankle  reflexes  were  found  to  be  diabetic 
(9). 

Case  9  (diabetic)  had  myeloradiculopathy.  The  cerebrospinal  fluid  was 
normal  as  was  the  myelogram.  He  eventually  was  studied  at  two  other 
clinics.  In  both,  the  initial  diagnosis  was  "demyelinating  disease,"  although 
one  institution  suspected  diabetes,  especially  in  view  of  the  early  development 
of  cataracts.  Neither  institution  had  done  the  two-hour  sugar  test,  although  a 
glucose  tolerance  test  had  been  advised. 

Cases  10,  11  and  12  are  somewhat  similar — all  had  myelopathies.  The  men 
(Cases  10  and  11)  had  sphincteric  involvement.  Lumbar  punctures  and 
myelograms  were  normal.  In  Case  11,  the  two-hour  blood  sugar  test  was 
abnormal.  Case  12  had  normal  blood  sugar  determinations,  but  her  mother 
was  a  known  diabetic  and  it  was  thought  that  the  patient  probably  would 
become  diabetic  and  perhaps  the  neurologic  illness  was  an  early  forciunner 
of  the  metabolic  disorder. 

Case  13  seemed  to  have  a  lumbosacral  radiculopathy  with  sphincteric  in- 
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volveinent.  However,  the  ankle  reflexes  were  active  and  there  was  no  saddle 
sensory  impairment.  Spinal  fluid  and  myelography  were  normal.  The  two-hour 
blood  sugar  determination  was  al)normal.  Diagnosis:  Diabetic  radiculopathy? 
Radiculopathy  due  to  unknown  cause  and  diabetes  mellitus'? 

Case  14  demonstrates  how  difficult  it  is  to  make  a  correct  diagnosis.  This 
patient  seemed  to  have  a  myelopathy  due  to  cervical  spondylosis  (a  fasting 
blood  sugar  was  100  mg'f).  However,  following  the  neurological  investiga- 
tion, he  developed  urinary  retention  and  was  noted  to  have  an  enlarged 
prostate  gland.  A  transurethral  prostatectomy  was  performed.  However,  it 
was  not  completed  because  of  a  hypotensive  episode  which  occurred  during 
anesthesia.  The  postoperative  course  was  progressively  downhill  and  he  died. 
Post  mortem  examination  was  obtained  and  it  was  noted  that  there  was 
marked  narrowing  of  the  cervical  spinal  canal,  associated  with  osteophytes, 
in  the  region  from  C5-6.  There  were  no  microscopic  abnormalities  seen  in  the 
central  nervous  system,  with  specimens  being  taken  from  the  right  precentral 
gyrus,  right  corpus  striatum,  left  dentate  nucleus  and  cerebella  folia,  mid- 
medulla,  caudal  medulla,  mid  and  upper  cervical  cord,  mid  and  lower  cervical 
cord,  lumbar  cord,  and  sacral  cord. 

Thus,  under  close  scrutiny,  Group  III  like  Group  II  reveals  no  definite 
evidence  as  to  the  causal  relationship  of  spinal  cord  and/or  root  disease  and 
diabetes  mellitus.  Noteworthy  is  the  omission  of  peripheral  neuropathy.  There 
was  only  one  such  case  in  this  particular  investigation  and  no  statement  can 
be  made  about  this  clinical  entity.  Interestingly,  a  recent  paper  concerning 
peripheral  neuropathy  implicated  an  abnormal  spinal  fluid  protein,  both 
qualitatively  and  quantitatively  (lOl.  The  former  has  not  been  investigated. 
However,  in  these  cases,  the  cerebrospinal  fluid  protein  was  not  consistently 
elevated  in  the  patients  with  diabetes  mellitus  and  this  is  now  under  study. 

It  is  true  that  the  percentage  of  cases  suffering  from  diabetes  mellitus 
(8  known  cases  and  43  chemically  demonstrated  cases)  is  much  higher  than 
the  incidence  of  diabetes  mellitus  in  the  general  population.  However,  this 
may  merely  reflect  this  particular  hospital's  population  or,  more  specifically, 
its  neurological  patients  irrespective  of  the  site  of  the  disease,  that  is,  brain, 
cord,  or  root.  Garland  (11,  12)  has  reported  marked  involvement  of  the 
spinal  cord  and  roots  in  twelve  cases.  All  his  patients  had  known,  relatively 
severe  diabetes  mellitus.  Although  they  were  intensively  investigated,  myelo- 
grams were  not  done.  However,  they  all  remissed  fairly  well  (contrary  to 
the  experience  of  patients  with  cervical  spondylosis)  and  it  was  thought  that 
their  neurologic  dysfunction  was  due  to  the  metabolic  disorder.  Unfor- 
tunately, no  such  case  was  seen  in  this  series.  On  the  other  hand,  perhaps 
diabetes  mellitus  in  some  way  makes  the  nervous  system  more  susceptible  to 
other  etiological  agents,  for  example,  vascular  disease.  The  problem  of  vascular 
disease  of  the  spinal  cord  and  roots  is  a  difficult  one,  inasmuch  as  pre- 
autopsy  diagnosis  is  impossible  at  the  present  time.  It  is  hoped  that  future 
research,  as  demonstrated  in  vascular  disease  of  the  cerebrum,  may  clarify 
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some  relationsliij)  between  diabetes  mellitus  and  atlierosclerosis  of  the  blood 
vessels  supijlying  the  spinal  cord  and  the  spinal  root. 

CONCLUSIONS 

1.  Two  liuiKh'ed  eases  of  spinal  cord  and  root  disease  were  studied.  Tiie 
most  comnujn  presumed  etioloy;y  was  mechanical  obstruction  (68  cases). 
Fifty-nine  patients  had  no  definite  etiological  diagnosis  upon  discharge,  al- 
though localization  of  disease  was  relatively  clear. 

2.  No  special  i)attern  of  complaints  and  findings  could  be  delineated.  The 
patients  pi'cdoniinantly  had  myelopathy,  radiculojiathy,  or  myeloradiculopa- 
thy. 

3.  The  incidence  of  diabetes  mellitus,  both  clinically  evident  and  dis- 
covered by  oral  two-hour  glucose  tolerance  test,  was  25  per  cent,  which  is  much 
higher  than  in  the  general  population. 

4.  It  was  not  possible  to  relate  casually  the  neuroanatomic  diagnosis  to  the 
diabetes  mellitus. 
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Alpors,  in  1925,  investigated  19  diabetic  patients  with  neurological  involve- 
ment and  described  a  slight  cerebrospinal  fluid  protein  elevation  in  nine  cases 
(1).  Since  then,  Joslin  and  Root  reported  a  series  of  patients  with  diabetic 
neuropathy  in  which  the  cerebrospinal  fluid  protein  was  normal  in  28,  abnor- 
mal in  72,  with  values  as  high  as  440  mg%  (2).  Jordan  listed  22  of  40 
patients  with  similar  neurological  abnormalities  in  whom  the  cerebrospinal 
fluid  protein  was  abnormal  (up  to  120  mg%)  (3).  Extensive  clinical  reports 
of  diabetic  neuropathies  noted  up  to  50  per  cent  of  patients  with  diabetic 
neuropathies  as  having  abnormal  cerebrospinal  fluid  proteins — usually  in  the 
range  of  48  to  100  mg%,  but  occasionally  in  the  range  of  200  mg%,  300  mg% 
and  ui>  to  426  mg%  (4-8) .  Madonick  and  Margolis  reported  80  diabetic 
patients  without  neurological  disease  in  all  of  whom  the  cerebrospinal  fluid 
protein  was  normal  (9).  They  also  listed  five  diabetic  patients  (one  with  a 
recent  hemiplegia  and  four  with  peripheral  neuropathy)  who  had  abnormal 
protein  values  (72,  65,  52,  67  and  210  mg%).  Kutt  and  associates  noted 
abnormal  cerebrospinal  fluid  protein  (up  to  176  mg%)  in  32  of  84  patients 
with  neurological  involvement  (10).  Five  of  their  patients  with  neurological 
disease  had  normal  proteins.  Two  ]iatients  without  neurological  involvement 
had  unexplainable  abnormal  cerebrospinal  fluid  proteins.  Electrophoretic  de- 
terminations demonstrated  a  selective  increase  of  slow  alpha  2  globulin  in 
35  patients,  the  majority  of  whom  had  evidence  of  vascular  and  neurological 
disease,  but  including  four  patients  primarily  with  neurological  manifesta- 
tions. An  additional  patient  with  neurological  disease  had  the  gamma  globulin 
relatively  increased. 

In  a  recent  review  article,  Ellenberg  states  that  the  most  consistent  labora- 
tory features  of  diabetic  patients  with  neurological  manifestations  is  the 
elevation  of  the  cerebrospinal  fluid  protein — in  his  experience  in  80  per  cent 
of  the  cases  (11).  Contrariwise,  he  stated  it  to  be  normal  in  diabetic  patients 
without  involvement  of  the  central  nervous  system.  The  range  of  protein  is 
usually  60  to  100  mg%,  infrequently  higher  and  rarely  above  200  mg%. 

A  recent  analysis  of  a  large  series  of  cases  with  myeloradiculopathy  included 
51  cases  of  diabetes  mellitus.*  This  was  an  unselected  group,  treated  on 

From  the  Department  of  Neurology,  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 

*  As  used  in  the  current  analysis,  "peripheral  neuropathy"  usually  refers  to  a  patient 
with  peripheral,  bilateral,  symmetrical  pains  and  paresthesias  of  the  distal  half  of  the 
lower  extremities,  perhaps  calf  tenderness,  decreased  to  absent  knee  and  ankle  reflexes, 
mild  sensory  impairment  usually  to  touch,  pin,  and  vibration  appreciation.  "Radiculop- 
athy" infers  root  pains  with  concomitant  reflex,  sensory,  and/or  motor  impairment.  "S]}iiial 
cord  disease"  is  usually  defined  when  long  tract  fintlings  exist,  such  as  hyperrefiexia,  Ba- 
binski  signs,  sensory  levels  (including  defects  in  vibration  appreciation). 
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the  Noiirolosieal  Service  of  this  hospital.  There  was  only  one  patient  witli 
"iliabetic  neuropathy."  Most  of  the  patients  had  spinal  cord  and/oi'  root 
disease  severe  enough  to  require  in-patient  care. 

Nine  patients  were  known  to  have  diabetes  niellitus.  Forty-two  additional 
patients  were  diagnosed  when,  after  100  Om  of  oral  glucose,  a  two-hour 
blood  sugar  detei-niination  was  at)noriual  (130  nig'r.  or  higher). 

With  respect  to  spinal  fluid  manometries,  nine  patients  with  neoplasm  and 
a  patient  with  an  epidui'al  abscess  had  complete  blocks.  A  i)Ositive  Quecken- 
stedt  test  in  33  additional  patients  reflected  an  incomplete  block.  172  i)atients 
had  pantopaque  myelogi'ajihy  jierformed. 

MATERIAL 

The  patients  were  divided  into  three  groups:  I.  69  patients  in  whom  an 
etiologic  diagnosis  was  apparent,  for  example,  neoplasm,  infection,  and  trauma. 
II.  67  patients  in  whom  the  neurological  syndromes  seemed  due  to  mechanical 
impingement  upon  the  spinal  cord  or  roots  by  bone  or  herniated  nucleus 
pulposus.  III.  56  cases  in  which  no  known  cause  could  be  definitely  established. 

Group  I  (Table  I)  is  noteworthy  in  that  six  nondiabetic  patients  had 
abnormal  proteins  for  no  obvious  reason.*  Incidentally,  of  the  eight  diabetic 
patients,  five  had  normal  cerebrospinal  fluid  proteins  and  three  had  abnormal 
values.  All  of  the  latter  had  evidence  of  manometric  block. 

Group  II  (Tables  II  A,  II  B)  is  considered  separately  from  Group  I  because 
misdiagnosis  is  a  hazard  in  these  cases,  as  emphasized  by  Ellenberg  (12). 
As  expected,  among  the  nondiabetic  patients,  26  had  normal  and  21  had 
abnormal  cerebrospinal  fluid  proteins.  Of  the  20  diabetic  patients  with  spon- 
dylosis or  herniated  disc,  eight  had  normal  cerebrospinal  fluid  proteins.  Twelve 
patients  had  abnormal  values  (six  of  whom  had  evidence  of  manometric 
block). 

Group  III  is  important  because  there  has  been  a  recent  tendency  to  label 
diabetes  as  the  cause  of  the  neurological  syndrome  when  no  other  etiology 
can  be  found,  especially  when  the  cerebrospinal  fluid  protein  is  abnormal.  Of 
the  33  nondiabetics,  seven  had  abnormal  cerebrospinal  fluid  proteins  (one  of 
whom  had  had  a  previous  myelogram  and  one  did  not  have  a  glucose 
tolerance  test).  Of  the  23  diabetics,  15  had  normal  cerebrospinal  fluid  pro- 
teins. Eight  patients  had  abnormal  cerebrospinal  fluid  proteins  (131,  84,  95, 
70,  82,  55,  53,  128  mg%)  including  two  who  had  had  previous  myelography 
and  two  others  who  did  not  have  contrast  study. 

To  summarize  (Table  IV),  28  (four  known  and  24  "chemical")  diabetic 
patients  had  normal  cerebrospinal  fluid  proteins.  Twenty-three  (five  known 
and  18  "chemical")  diabetic  patients  had  abnormal  cerebrospinal  fluid  pro- 

*  Cerebrospinal  fluid  protein  was  determined  by  the  .sulphosalicylic  acid  turbidity 
method,  using  a  Klett-Sumerson  photoelectric  colorimeter.  Although  the  manufacturer 
claims  that  normal  values  for  this  instrument  range  between  20-40  mg%,  this  has  never 
been  tested  at  this  hospital.  On  the  basis  of  the  experience  of  the  Neurological  Service,  the 
normal  high  value  has  been  considered  50  mg%  for  this  study. 
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TABLE  I 


Group  I.  Myeloradiculopathies — Known  Etiology — 69  Patients 


Diagnosis 

Age 

Blood  Sug;ir' 

Queckenstedt 
Test 

Cerebrospinal  Fluid 
Protein  (mg%) 

A.  Tumors 

1.  Benign  mass 

(iranuloma  L5 

12 

64* 

+c 

clotted 

iSIeiiiiigioma  1)5 

72 

100 

+ 

68 

Neurofibroma  CO 

75 

110 

0 

211 

Neurofibroma  C2 

43 

96 

+ 

55 

Neurofibroma  D4 

52 

90* 

+c 

450 

Neurofibroma  T12 

35 

93 

+c 

535 

Neurofibroma  D8 

19 

78* 

0 

104 

2.  Malignant  neoplasm 

Breast  metastases 

64 

100 

+c 

330 

62 

130,  130 

+c 

31 

59 

132 

0 

29 

50 

74 

0 

97 

Lung  metastases 

58 

114 

0 

99 

76 

186 

+c 

705 

69 

117 

+ 

1300 

Prostate  metastases 

69 

100 

+c 

307 

Stomach  metastases 

59 

54* 

0 

12,  16 

Lymphoma 

54 

100 

+c 

286 

52 

98* 

+ 

1740 

80 

124 

0 

33 

Myeloma 

69 

72 

0 

62 

Hodgkin 

28 

72* 

0 

16 

Angiosarcoma 

55 

58* 

0 

62 

58 

165 

+c 

72 

Melanoma 

49 

98* 

+ 

82 

B.  Amyotrophic  lateral  sclerosis 

59 

106 

0 

64t 

68 

74 

0 

28t 

42 

114 

0 

37 1 

66 

67* 

0 

26 

2 

60* 

0 

20t 

69 

71* 

0 

61 

80 

0 

40,  39 

47 

67* 

0 

39t 

71 

90* 

0 

57 

C.  Pain  syndromes 

53 

61* 

0 

34 

38 

110 

0 

43 

46 

84 

0 

20t 

43 

70* 

0 

80 1 

48 

98 

0 

20,  35 

59 

62 

0 

48,  47 

60 

78* 

0 

32 

53 

76* 

0 
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TABLE  I — Continued 


Diagnosis 

Age 

Blood  Sugar* 

Queckenstedt 
Test 

Cerebrospinal  Kluid 
Protein  (mg%) 

D. 

Infection 

I']pi(lur;il  abscess,  "(iuillaiii  IiMii('>" 

43 

378 

pus 

syndrome 

O  i 

Q 

33 t,  120 

59 

100 

0 

5()t,  101),  130 

91 

uo 

Q 

835 1  5(>0  350  (175 

988 
^oo 

/  o 

0 

' 'Viral ' '  poly neii ropat hy 

4.9 

fi9 

n 

LF 

QOt  Q9 

Pott's  disease 

48 

lfl9 

_1_ 
T 

9'?8 

Osteomyelitis 

oO 

n 
u 

E. 

Multiple  'sclerosis 

ou 

70 

0 

41  64 

^^ 
^1 

114 

OO  4 ,  ou 

4.1 

Do 

88* 

0 

58 

38 

74* 

0 

51 

4.8 

80* 

OU 

n 

9Qt 

F. 

Trauma 

14 

53* 

_L 

123 

4^ 

fi8* 

Do 

f>9 

0 

62 

G. 

Congenital  disease 

43 

90* 

47 

93 
77 

0 
0 

83  110 
123f 

DO 

70* 

91  94 

71 

108 
IDo 

■^9 

H. 

Vasculitis 

45 

100 

0 

468 1 

53 

224 

0 

47J 

I. 

"Myopathy" 

60 

 * 

0 

22 

20 

96 

+ 

65,  102,  131 

49 

90 

0 

371 

J. 

Radiation  myelopathy 

64 

126 

0 

53 

*  Patients  who  did  not  have  oral  glucose  test  for  diabetes  mellitus. 

t  Myelography  performed  on  prior  hospitalization. 

X  Myelography  not  done. 

+  Incomplete  manoinetric  block. 

+C  Complete  manometric  block. 


teins;  15  of  these  patients  had  disease  due  to  otlier  known  causes;  two  addi- 
tional patients  did  not  have  myelography.  Only  six  of  these  diabetic  patients 
had  no  other  apparent  reason  for  the  abnormally  higli  cerebrospinal  fluid 
protein. 

Table  V  lists  the  clinically  known  diabetics,  the  duration  of  their  diabetes 
and  the  lumbar  puncture  results. 


TABLE  II  A 


Patients  with  Mechanical  Impingement  upon  Spinal  Cord  or  Root — Nondiahetic — 4?"  Cases 


i-'iH^nosis 

Age 

Blood  Su^jir 

Queckenstedt 
Test 

Cerebrospinal  Fluid 
Protein  (mg%'l 

Kj'phoscoliosis 

52 

76* 

0 

20 

Herniated  cervical  disc 

51 

100 

0 

16,  38 

Cervical      spondylosis  niyeloradicu- 

68 

100 

+ 

208,  178 

lopathy 

50 

84 

+ 

49,  43 

73 

97 

+ 

42,  45 

72 

85* 

+ 

111,  75 

49 

78 

+ 

51 

70 

110 

+ 

49 

62 

124 

+ 

27 

72 

85* 

0 

57 

50 

78* 

p 

66 

68 

86 

0 

25 

22 

72 

0 

39 

68 

80 

0 

33,  37 

64 

116 

0 

33 

Radiculopathy 

42 

68* 

+ 

130 

42 

128 

0 

55 

54 

88 

0 

100 

49 

74 

0 

53 

54 

107 

0 

25 

Myelopathy 

55 

70* 

0 

53 

58 

74* 

0 

38,  27 

61 

90* 

0 

46 

70 

121 

0 

107 

62 

 * 

0 

61 

Lumbosacral  herniated  discs 

L2-3 

60 

 * 

0 

87 

L4-5 

48 

123 

+ 

31,  26 

64 

94 

0 

30 

40 

76 

0 

53 

46 

103 

0 

32 

45 

62* 

0 

82,  25 

30? 

03* 

0 

70 

58 

81* 

0 

70,  105 

26 

 * 

0 

33 

44 

82* 

0 

54 

31 

 * 

0 

41 

L5-S1 

56 

100 

0 

24 

53 

104 

0 

28,  78 

56 

111 

p 

43 

73 

80* 

120,  152 

69 

72* 

0 

43 

74 

74* 

+ 

48,  59 

Mvdtiple 

51 

 * 

0 

39 

17 

86* 

0 

64 

49 

68* 

0 

39 

31 

 * 

0 

118 

31 

68* 

0 

43 

*  24  patients  who  did  not  have  oral  glucose  tolerance  test  for  diabetes  mellitus. 
+  Incomplete  manometric  block. 
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I'litienl.s  with  Mechanical  fiiipindciiicn.l  upon  Spinal  Curd  or  Hool    Diabetic — 20  Cases 


Diagnosis 

Age 

Blood  Sugar* 

Queckenstedt 
Test 

Cerebrospinal  Fluid 
Protein  (mg%) 

I^Ol'^f  1  ^>  *1 1    CI'^O  11  ri  17  1  AGll  Q 

42 

214 

+ 

61,  43 

66 

214 

124 

60 

139 

+ 

120 

52 

238 

+ 

86 

60 

136 

+ 

53 

63 

15  vrs. 

+ 

90 

52 

98 

0 

38 

295 

0 

49 t,  56 t 

83 

196 

0 

20 

73 

252 

0 

34 

61 

6  yi'S- 

0 

66 

41 

160 

0 

44 

39 

180,  235 

0 

26 

58 

214 

0 

40 

72 

162 

0 

131 

Lumbosacral  herniated  discs 

69 

146 

0 

100 

48 

137 

0 

71 

37 

204 

0 

78 

37 

180 

0 

131 

53 

160 

0 

30,  33 

64 

2  yrs. 

0 

43,  52 

*  Blood  sugar  values  not  available.  Time  refers  to  duration  of  known  diabetes  mellitus. 
t  Re-admission.  Myelography  performed  on  prior  hospitalization. 
+  Incomplete  manometric  block. 


DISCUSSION 

On  the  basis  of  this  study,  the  cerebrospinal  fluid  protein  does  not  seem  to 
be  necessarily  significant  per  se  as  indicative  of  diabetes  mellitus.  Neverthe- 
less, there  are  some  aspects  to  the  above  findings  which  should  be  empha- 
sized. 

Of  these  192  cases,  only  one  patient  had  "peripheral  neuropathy."  This 
particular  syndrome  is  considered  the  most  common  neurological  entity  among 
diabetics.  However,  these  patients  are  rarely  hospitalized.  In  almost  all 
reports  of  large  series  of  cases,  the  lumbar  punctures  were  done  on  an  out- 
patient basis.  Naturally,  almost  no  myelograms  were  performed.  One  wonders 
whether  some  of  the  abnormal  proteins  may  have  been  due  to  coincidental 
encroachment  upon  the  spinal  canal  by  asymptomatic  herniated  nucleus 
pulposus  or  cervical  spondylosis.  The  one  patient  in  this  series  with  peripheral 
neuropathy  and  known  diabetes  for  ten  years  had  a  normal  cerebrospinal 
fluid  protein  and,  as  in  similar  cases  in  the  literature,  did  not  have  myelog- 
raphy performed. 

The  question  remains  as  to  whether  diabetes  mellitus  has  any  relationship 
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TABLE  III  A 


M i/florailiculopathy — Cause  Unknown — Nondiabetic — 33  Cases 


Diagnosis 

Age 

Blood  Sugar 

Queckenstedt 
Test 

Cerebrospinal  Fluid 
Protein  (mg%) 

Cervical  region 

M  j'el  orad  i  c  u  1  op  a  t  h}- 

54 

117 

0 

30 

62 

80 

0 

55 

66 

82 

0 

22 

36 

100 

0 

37 

41 

76 

0 

43 

48 

62 

0 

40 

Radiculopathy 

38 

 * 

+ 

29 

38 

88 

0 

25,  40 

61 

90 

0 

95,  111 

26 

69 

0 

70 

35 

78* 

0 

37,  59 

32 

82* 

0 

45 

23 

84* 

0 

29 

31 

88* 

0 

49 

Myelopathy 

35 

88* 

+ 

25 

59 

120 

0 

74 1 

30 

90 

0 

41,  23,  25 

33 

103 

0 

20 

61 

100 

0 

37,  23 

54 

58* 

0 

34 

20 

72* 

0 

74 

Dorsal-luiubosafral  region 

Myeloradiculopathy 

57 

90 

0 

65 

47 

104 

0 

20 

67 

98 

0 

27,  22 

72 

88 

0 

29 

49 

72* 

0 

49 

Radiculopathy 

42 

110 

0 

72 

50 

100 

0 

37 

56 

62* 

0 

34,  67 

60 

80* 

0 

48 

Myelopathy 

46 

100 

0 

30 

58 

102 

0 

30 

55 

66* 

0 

44 

*  12  patients  who  did  not  have  oral  glucose  tolerance  test  for  diabetes  mellitus. 
t  Myelography  performed  on  prior  hospitalization. 
+  Incomplete  manometric  block. 
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M i/clorudiciilopalh!/  -Cause  Unknown— Diabetic — 23  Cases 


Diagnosis 

Age 

Blood  Sugar* 

Queckenstedt 
Test 

Cerebrospinal  Fluid 
Protein  (mg%) 

Ocrviciil  rfigion 

AIy(^Ior:idi<'iiIop;ithy 

71 

140 

0 

131,  87 

65 

137 

0 

47 

50 

186 

0 

35 

59 

152 

0 

43 

liafliculopiitli  V 

58 

244 

0 

84,  34 

57 

193 

0 

43 

jNJycIopat  hy 

21 

256 

0 

95 1 

64 

136 

0 

21 

50 

165 

0 

70 

65 

151 

0 

20 

50 

24  yrs. 

0 

28 

69 

20  yrs. 

0 

45 

54 

21  yrs. 

0 

82,  lot 

Oorsal-luiiibosacriil  region 

jVIvcl()radif'iil()j).it  hy 

51 

168 

0 

37 

62 

156 

0 

55,  59 

76 

178 

0 

53 

72 

abnormal 

0 

44,  67 

Radiculopathy 

60 

220 

0 

45,  57 

46 

170 

0 

49 

40 

340 

0 

28 

Myelopathy 

50 

184 

0 

33,  30 

49 

164 

0 

28,  56 

55 

2H  yrs. 

? 

128t 

*  Blood  sugar  values  not  available.  Time  refers  to  duration  of  known  diabetes  mellitus. 
t  Myelography  performed  on  prior  hospitalization. 
t  Myelography  not  done. 


TABLE  IV 


Cerebrospinal  Fluid  Protein — 192  Cases 


Normal— 

108  Cases 

Abnormal 

—84  Cases 

Nondiabetic 

Diabetic 

Nondiabetic 

Diabetic 

Group  I 

28 

5 

33 

3 

Group  II 

26 

8 

21 

12 

Group  III 

26 

15 

7 

8 

Total 

80 

28 

61 

23 
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to  myelor;idic'uloi)athy,  otlier  than  mild  peripheral  neuropathy.  Of  28  cases 
reported  in  detail  in  the  literature  as  having  myelopathy  and/or  radiculopathy 
due  to  diabetes  mellitus,  only  four  had  myelograms  performed  (13-16). 
Too  often,  because  of  the  presence  of  the  metabolic  disorder  (most  of  these 
patients  were  known  diabetics),  the  causal  relationship  was  assumed.  Fre- 
(|uently,  corroborating  evidence  was  a  statement  to  the  effect  that  the  cerebro- 
spinal fluid  protein  was  abnormally  high,  a  thought  derived  from  the  extensive 
reports  concerning  patients  with  diabetic  peripheral  neuropathy. 

Nevertheless,  diabetic  patients  have  been  reported  who  developed  severe 
involvement  of  the  spinal  cord  and  roots,  with  predominant  motor  impairment 
(17).  Garland  thinks  that  the  dysfunction  is  due  to  the  metabolic  disorder 
(18,  191.  All  of  his  12  cases  have  remissed  fairly  well  under  careful  manage- 

TABLE  V 


Patients  with  Pre-existing  Diabetes  Mellitus — 9  Cases 


Diagnosis 

Age 

Duration  of 
Diabetes* 

Queckenstedt 
Test 

Cerebrospinal  Fluid 
Protein  (mg%) 

"Diabetic"  peripheral  neuropathy 

26 

10  yrs. 

0 

26 

Epidural  abscess 

43 

8  yrs. 

pus 

Cervical  spondylosis 

63 

15  yrs. 

90 

Cervical  spondylosis 

61 

7  yrs. 

0 

66 

Multiple  lumbar  discs 

64 

2  yrs. 

0 

43,  52 

Unknown  etiology 

Cervical  region — myelopathy 

50 

24  yrs. 

0 

281 

69 

20  yrs. 

0 

45 

54 

21  yrs. 

0 

82,  107 t 

Lumbosacral  region — myelopathy 

55 

yrs. 

? 

128t 

*  Blood  sugar  values  not  available.  Time  refers  to  duration  of  known  diabetes  mellitus. 
t  Myelography  performed  on  prior  hospitalization. 
X  Myelography  not  done. 


ment  of  the  diabetes.  These  patients  were  intensively  studied,  but  myelog- 
raphy was  not  performed.  Although  the  possibility  exists  of  superimposed 
mechanical  causes,  cases  such  as  cervical  spondylosis  rarely  get  completely 
better  (they  may  stabilize  and  not  progress) . 

In  our  cases,  analyses  of  the  clinical  manifestations  of  these  patients  with 
myeloradiculopathy  yielded  no  evidence  to  indicate  that  the  metabolic 
disease  produced  the  neurological  involvement  (20).  In  none  of  the  known 
diabetic  cases  has  clinical  remission  occurred  to  date. 

CONCLUSIONS 

We  have  studied  192  patients  with  myeloradiculopathy.  Nine  were  known  to 
have  diabetes  mellitus  and  42  others  had  abnormally  elevated  blood  sugar  levels 
two  hours  after  100  Gin  of  oral  glucose.  Of  these  51  patients,  28  had  normal 
cerebrospinal  fluid  ]3rotein.  Twenty-three  had  abnormally  elevated  levels,  but 
at  least  15  had  other  obvious  causes  for  the  elevated  protein  found,  besides 
diabetes. 
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Of  the  141  patients  without  evidence  of  diahefos,  61  liad  elevated  cerebro- 
spinal fluid  protein.  In  36,  there  was  obstruction  of  or  impingement  upon  the 
spinal  canal.  In  13,  there  was  no  explanation  for  the  abiioiiual  cerel)ro- 
sjiinal  fluid  findings. 

Analysis  of  our  data  does  not  suppoit  the  conclusion  that  the  finding  of 
elevated  cerebrospinal  fluid  protein  in  a  patient  with  myeloradiculopathy 
should  suggest  the  presence  of  diabetes.  More:  even  when  the  complete 
triad  is  present  (myeloradiculopathy,  diabetes,  elevated  cerebrospinal  fluid 
protein)  the  diabetes  does  not  necessarily  underlie  the  others.  Such  a  patient 
is  perhaps  more  likely  to  have  mechanical  encroachment  upon  the  spinal 
canal. 
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Spiking  Afi(i  Hy[)erpli()8|)liata8ia,  Splenomegaly,  and 
Leukemoid  Keaetion  During  a  Hemolytic 
Sickle  Cell  Crisis 

MYRON  R.  SCHOENFELD,  M.D.* 
New  York,  N.  Y. 

INTRODUCTION 

Since  erythrocytes  are  one  hundred  to  two  hundred  times  as  rich  in  acid 
phospliatase  as  tlie  serum  (1),  it  was  reasonable  to  suspect  that  during  a 
brisk  bout  of  hemolysis  sufficient  enzyme  would  be  released  into  the  serum 
to  be  of  diagnostic  value.  Indeed,  such  a  phenomenon  has  been  alluded  to 
previously  (2).  During  the  course  of  our  studies  on  nonprostatic  causes  of 
acid  hyperphosphatasia,  we  came  to  observe  a  very  unusual  case  during  a 
hemolytic  sickle  cell  crisis.  As  predicted,  this  patient  did  indeed  show  a 
striking  degree  of  acid  hyperphosphatasia.  This  feature  and  several  others 
of  this  interesting  case  justify  a  report  in  detail. 

CASE  REPORT 

The  patient  was  a  32  year  old  Negro  female  who  was  admitted  to  the 
hospital  because  of  aches  in  her  legs  and  weakness  of  four  days'  duration. 

She  was  known  to  have  sickle  cell  anemia,  and  had  had  dozens  of  crises 
since  early  adolescence.  The  crises  tended  to  be  triggered  by  menstruation. 
Five  days  prior  to  admission  her  menses  began.  Four  days  prior  to  admission 
she  began  to  have  generalized  weakness  and  aching  all  over  her  body  but 
particularly  in  her  legs  and  in  the  left  upper  abdominal  quadrant.  These 
symptoms  progressed  until  admission.  It  was  known  that  the  spleen  had  not 
been  palpable  a  year  previously. 

Examination  revealed  an  a.sthenically  built  Negro  female  in  moderate 
distress  due  to  abdominal  and  leg  pains.  There  was  no  fever  or  icterus.  The  heart 
and  lungs  were  normal.  A  very  tender  firm  spleen  was  palpable  six  fingerbreadths 
below  the  costal  margin  in  the  midclavicular  line.  The  liver  was  not  enlarged. 
The  limbs  were  normal. 

Laboratory  workup  on  admission  was  as  follows:  Serial  urinalyses  showed 
proteinuria,  pyuria,  and  leukocytic  cylindruria  without  hematuria  or  azotemia. 
The  chest  x-ray,  blood  sugar,  electrocardiogram,  and  liver  profile  were 
normal.  The  hemoglobin  was  5.0  Gm%  and  the  hematocrit  18%.  Hemoglobin 
electrophoresis  on  filter  paper,  agar  gel,  and  starch  gel  revealed  pure  hemo- 
globin S,  while  alkali  reduction  disclosed  3.6-4.1%  hemoglobin  F.  The  white 
blood  cell  count  was  42,400  with  a  marked  shift  to  the  left.  There  were  4 

From  the  Medical  Service,  Lincoln  Hospital,  New  York,  N.  Y.  This  work  was  supported 
in  part  by  a  grant  from  the  American  Heart  Association. 
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iionnobliusts  and  45  ciytlu-ohhists  100  leukocytes.  Many  erythrocytes 
showed  basophihc  stippling.  'I'hc  ic(  icidocyte  count  was  3.2%.  The  platelets 
wci-e  increased.  The  serum  total  liilii-uliin  was  0.8  mg%. 

During  the  first  ten  days  of  hei'  hospitalization,  she  had  paroxysms  of 
sj)lenic  and  leg  pains  and  low  grade  fever  spikes.  During  this  same  time,  the 
white  blood  cell  count  climbed  to  150,500,  and  the  reticulocyte  count  to  35.4%. 
The  platelets  were  consistently  increased  in  the  blood  smear.  The  serum 
acid  phenylphosphatase  activity  (SAPP)  spiked  back  and  forth  between 
2.1-4.9  Gutman-King-Armstrong  units,  and  the  serum  total  bilirubin  climbed 
to  8.0  mg%  (Fig.  1).  Thereafter,  she  progressively  improved.  The  hemo- 
globin rose  linearly,  the  icterus  disappeared,  the  leukemoid  reaction  subsided, 
and  the  curve  of  serum  acid  phenylphosphatase  activity  fell  off  in  a  smooth 
slope.  Over  the  next  several  months,  the  spleen  gradually  receded  under  the 
costal  margin  until  it  was  no  longer  palpable. 

Hemoglobin  electrophoresis  (filter  paper,  starch  gel,  agar  gel)  was  per- 
formed on  the  patient's  mother  and  three  of  her  siblings.  All  were  found  to 
have  the  S-A  pattern. 

METHODS 

The  serum  acid  ]~)henylphosphatase  activity  (SAPP)  was  determined  by  the 
Gutman  modification  of  the  King-Armstrong  technique  (3j.  This  method  uses 
for  its  substrate  disodium  monophenylphosphate.  As  indicated  previously, 
for  accurate  results  it  is  required  that  the  determination  be  done  soon  after 
the  blood  sample  is  drawn,  that  one  brand  of  substrate  be  used  throughout 
the  study,  that  fresh  substrate  solution  be  prepared  every  few  days,  and  that 
jirecautions  be  taken  to  avoid  in  vitro  hemolysis  (4).  The  upper  limit  of 
normal  for  women,  as  determined  in  our  laboratory,  is  1.6  units  (4). 

The  total,  direct,  and  indirect  bilirubin  fractions  were  determined  by  the 
method  of  Malloy  and  Evelyn  (5).  The  upper  limit  of  normal  of  the  serum 
total  bilirubin  is  1.0  mg%  with  an  approximately  equal  partition  between 
direct  and  indirect  components. 

The  hematocrit  was  measured  with  the  Clay-Adams  microhematocrit 
centrifuge. 

DISCUSSION 

This  unusual  case  has  many  facets  for  discussion.  Each  will  be  briefly 
commented  upon  under  the  following  headings: 

1.  The  Crisis 

A.  Its  nature.  Four  types  of  sickle  cell  crises  have  been  described  (6-8): 
thrombotic,  aplastic,  hemolytic,  and  hypersequestration.  In  our  patient,  the 
facts  of  the  case  are  best  explained  by  assuming  hemolysis  to  be  the  pre- 
dominant element.  The  evidence  in  support  of  this  hypothesis  include  the 
fever,  the  pronounced  jaundice,  the  leukemoid  reaction,  and  the  large  number 


2U 


MYRDX  H.  v->CHOEXFELD 


of  reticulocytes,  normoblasts,  and  erythroblasts  in  the  peripheral  blood. 
However  thrombosis  and  splenic  hypersequestration  cannot  be  excluded  as 
secondary  pathogenetic  factors. 

B.  Its  cause.  The  relation  of  the  crises  to  menstruation  is  an  unusual  one. 
Its  mechanism  is  obscure. 

2.  Splenomegaly 

The  splenomegaly  is  noteworthy  partly  because  of  its  infrequency  in  adults, 
and  partly  because  of  its  possible  role  in  the  pathogenesis  of  crises.  Causa- 


Fk;.  1.  32  year  old  Xegro  female  with  acute  hemolytic  sickle  cell  crisis. 


tive  mechanisms  for  splenic  distention  have  been  discussed  by  Watson  (9). 
A  subcapsular  hematoma  seemed  likely  in  the  present  case.  Congested  spleens 
may  cause  hyper.sequestration  of  erythrocytes,  and  the  resultant  stagnation 
may  enhance  hemolysis  (7,  9,  10).  In  this  way,  an  enlarged  spleen  may  pre- 
cipitate a  sickle  cell  crisis. 

3.  Leukenioid  Reaction 

The  massive  leukemoid  reaction  of  150,500  was  a  striking  feature,  and 
reflected  an  intense  regenerative  reaction  of  the  marrow  to  the  hemolytic 
episode. 
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4.  The  Acid  II ij pvrpltosiilinldsid 

A.  Cause  of  the  acid  hiipcrplu  indphospluilasia.  It  is  hypothesized  tluit  the 
acid  hypt'rphfnyl|)h()s|)h;itasi;i  noted  in  the  hcmolyf ic  sickle  coll  crisis  is 
caused  by  one  or  several  of  the  following  factors: 

1.  Ki'ytlirocytes  are  appioximately  one  hundi'ed  to  two  hundred  times  as 
rich  in  acitl  phosphatase  as  scrum  (1),  and  therefore  hemolysis  might  be 
expected  to  raise  the  serum  activity  by  about  this  amount. 

2.  Thiombo-embolic  diseases  cause  acid  hyperphenylphosphatasia  (4,  11, 
12),  and  the  microthromboscs  so  characteristic  of  sickle  cell  disease  may 
contribute  to  the  increased  SAPP  in  this  way. 

3.  Platelets  are  rich  in  acid  phosphatase  (13),  brisk  thrombocytosis  is 
known  to  follow  hemolysis  (14),  and  thrombocytosis  is  known  to  cause  an 
increased  serum  acid  phosphatase  activity  (15).  The  acid  hyperphenylphos- 
phatasia of  hemolysis  might  be  at  least  partially  on  this  basis. 

4.  Aside  from  prostate,  the  tissues  richest  in  acid  phosphatase  are  hemato- 
poetic,  liver,  spleen,  and  kidney,  though  probably  all  tissues  contain  the  en- 
zyme in  some  amount  (16).  During  hemolysis,  these  tissues  are  injured  by 
anoxemia  and  might  release  their  contents  (including  the  contained  enzymes) 
into  the  serum. 

B.  Cause  of  the  spiking  nature  of  the  acid  hyperphenylphosphatasia.  As  a 
working  hypothesis,  we  suggest  one  of  the  following  mechanisms  as  the  ex- 
planation of  the  saw-toothed  character  of  the  acid  hyperphenylphosphatasia: 

The  muscular  aches  and  pains  during  the  crisis  seemed  to  occur  in  waves, 
and  it  might  have  been  that  each  paroxysm  of  hemolysis  gave  rise  to  a  spike 
in  the  SAPP  curve.  The  bilirubin  curve  would  not  be  expected  to  reflect  these 
paroxysms,  since  the  time  consumed  by  the  metabolic  conversion  of  hemo- 
globin to  bilirubin-glucuronide  and  the  compensatory  factor  of  accelerated 
biliary  excretion  tend  to  smooth  out  any  such  irregularities.  Similarly,  the 
hematocrit  curve  would  be  smoothed  out  by  compensatory  replacement  of 
hemolyzed  erythrocytes  from  marrow  and  storage  depots. 

Contrariwise,  it  could  be  argued  that  each  wave  of  hemolysis  decreases, 
not  increases  the  SAPP,  for  red  blood  cells  are  very  rich  in  inorganic  phos- 
phate (17),  and  it  has  been  demonstrated  (in  lower  organi.sms,  at  least)  that 
excess  phosphate  suppresses  acid  phosphatase  activity  (18).  A  similar  explana- 
tion has  been  given  for  the  fall  in  SAPP  during  the  terminal  phases  of  uremia 
(19,  20).  The  hypothesis  that  hemolysis  transiently  raises  the  serum  in- 
organic phosphate  level  and  thereby  inhibits  acid  phosphatase  activity  is  a 
tempting  one  and  is  presently  under  study  in  our  laboratory. 

C.  Sensitivity  of  the  serum  acid  phenylphosphatase  activity  is  an  index  of 
hemolysis.  The  SAPP  appeared  to  be  a  sensitive  index  of  hemolysis,  regardless 
of  w'hether  one  used  as  the  criterion  for  hemolysis  a  rise  above  the  accepted 
upper  limits  of  group  normal  or  a  rise  above  the  baseline  values  for  that  par- 
ticular patient  (Fig.  1).  It  is  imi)ortant  to  note,  however,  that  a  high  SAPP  is 
is  a  nonspecific  finding,  for  high  values  may  also  be  observed  in  a  wide  variety 
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of  nonprostatic  diseases  (4,  11,  12,  19,  20-23).  Thu.s  the  .significance  of  a  liigli 
SAPP  must  be  judged  in  tlie  context  of  its  clinical  setting.  Serial  studies  are 
most  valuable  in  this  regard  and  may  be  crucial. 

p.  The  high  baseline  serum  acid  phosphatase.  Tlie  high  baseline  SAPP  lev- 
els in  thi.^i  case  i)robably  I'efiected  low-grade  chronic  hemolysis  and/or  chronic 
pyelonephritis  (19,  20). 

.SUMMARY 

A  study  was  made  of  a  32  year  old  Negro  female  dui'ing  a  severe  hemolytic 
sickle  cell  crisis  in  which  the  hematocrit  fell  to  about  half  of  its  baseline  value. 
A  spiking  acid  hyperphosphatasia  up  to  4.9  Gutman-King-Armstrong  units 
(normal  i-ange  =  0.3-1.6  units)  was  found.  The  cause  of  the  acid  hyperphos- 
phatasia is  thought  to  be  release  of  erythrocyte  acid  jihosphatase  into  the 
serum  during  hemolysis,  the  microthromboses  of  sickle  cell  disease,  the 
thrombocytosis  secondary  to  severe  hemolysis,  and/or  the  diffuse  tissue  injury 
resulting  from  the  anoxemia  of  hemolysis.  The  spiking  nature  of  this  acid 
hyperphospliatasia  is  felt  to  be  a  reflection  of  the  fact  that  hemolysis  itself 
may  occur  in  paroxysms.  Each  wave  of  hemolysis  tends  to  raise  the  serum 
acid  phosphatase  activity  by  the  mechanisms  described  above,  and  jierhaps 
also  to  lower  it  by  releasing  erythrocyte  inorganic  phosphate  into  the  .serum. 
It  is  conjectured  that  the  resultant  of  these  two  opposing  tendencies  may  explain 
the  saw-toothed  character  of  the  acid  hyperphosphatasia. 

Several  interesting  clinical  features  of  this  case  are  also  worth  noting.  First 
of  all,  hemolytic  sickle  cell  crises  are  said  to  be  rare  in  adults,  and  the  present 
case  affords  a  striking  example  of  this  unusual  phenomenon.  Secondly,  her 
many  crises  seemed  to  Ije  triggered  by  menstruation.  Thirdly,  a  massive 
leukemoid  reaction  of  150,500  accompanied  the  hemolytic  episode.  Lastly, 
pronounced  transient  splenomegaly  occurred,  perhaps  because  of  a  huge  sub- 
capsular hematoma  and  or  congestion  with  hypersequestration. 

.\CKXOWLEDGMENT 

The  author  wishes  to  thank  Fanya  WoU  for  her  technical  assistance. 

REFERENCES 

1.  GuTMAN,  E.  B.,  AND  GuTMA.v,  A.  B.:  Erythrocyte  Pho.sphata.se  Activity  in  Hemolyzed 

Sera  and  Estimation  of  Serum  Acid  Phosphatases.  Proc.  Soc.  Exper.  Biol.  & 
Med.,  47:  513,  1941. 

2.  Sullivan,  T.  J.,  Gutman,  E.  B.,  and  Gutman,  A.  B.:  Apphcation  of  the  Term  "Acid" 

Phosphatase  Determination  in  Metastasizing  Prostatic  Carcinoma;  Early 
Affects  of  Castration.  J.  Urol.,  48:  426,  1942. 

3.  Gutman,  E.  B.,  and  Gutman,  A.  B. :  Estimation  of  .^cid  Phosphatase  Activity  of  Blood 

Serum.  J.  Biol.  Chem.,  136:  201,  1940. 

4.  Schoenfeld,  M.  R.,  Lepow,  H.,  Woll,  F.,  and  Edis,  G.:  Acid  Hyperphenylphospha- 

ta.sia  Due  to  Thrombophlebitis  and  Pulmonary  Embolism.  Ann.  Int.  Med.,  57: 
468,  1962. 

5.  Malloy,  H.  T.,  and  Evelyn,  K.  A.:  The  Determination  of  liiliruliin  with  the  Photo- 

electric Colorimeter.  J.  Biol.  Chem.,  119:  481,  19.37. 

6.  Scott,  R.  B.:  Sickle  Cell  Anemia.  Pediat.  Clin.  N.  Amer.,  9:  649,  1962. 


SICKLK  CELL  CRISIS 


217 


7.  Hkndkrson,  a.  B.,  Prince,  A.  E.,  and  (Jkeene,  J.  B.:  Sickle-Cell-Diseasc  Valiants 

and  Pregnancy:  A  Pathophysiologic  Hoport.  Now  Kng.  J.  Mod.,  2()4:  127(),  HHil. 

8.  I)i<i(is,  L.  W.:  The  Crisis  in  Sickle  Cell  Anemia.  Hematologic  Studies.  Am.  J.  ('lin. 

Path.,  2(i:  1109,  195G. 

9.  Watson,  R.  .]..  Lichtman,  H.  C,  and  Siiai'ikd,  II.  !).:  Splenomegaly  in  Sickle  (!ell 

Anemia.  Am.  J.  Mod.,  20:  19(i,  1950. 

10.  EniN(!T()N,  G.  M.:  Pathohtgy  of  Sickle  ("ell  Hemoglobin  ('  Disease  atid  Sickle  Cell 

Anemia.  J.  Clin.  Path.,  10:  182,  1957. 

11.  Schoenfeld,  M.  R.:  High  Serum  Acid  Phosphatase  .\ctivity  in  Various  Thrombo- 

embolic Diseases.  Clin.  Res.,  10:  180,  19(12, 

12.  ScHOENFELD,  M.  R. :  Acid  Phosphatase  in  Serum:  Increase  in  Acute  Myocardial  In- 

farction. Science,  139:  51,  1963. 

13.  Ziu'KER,  M.  B.,  AND  BoHRELLi,  J.:  Platelets  as  a  Source  of  Serum  Acid  Nitrophenyl- 

phosphatase.  J.  Clin.  Invest.,  38:  148,  1959. 

14.  Marcolis,  M.  p.:  Sickle  Cell  Anemia.  Medicine,  30:  357,  1951. 

15.  Zuc'KER,  M.  B.,  AND  WooDARD,  H.  Q.:  Elevation  of  Serum  Acid  Glycerophosphatase 

Activity  in  Thrombocytosis.  J.  Lab.  &  Clin.  Med.,  59:  7«0,  1962. 

16.  Wolf,  A.,  Kabat,  E.  A.,  and  Newman,  W.:  Histocheinical  Studies  on  Tissue  Enzymes. 

III.  A  Study  of  the  Distribution  of  Acid  Phosphatases  with  Special  Reference 
to  the  Nervous  System.  Am.  J.  Path.,  19:  423,  1943. 

17.  Behrendt,  H.:  Chemistry  of  Erythrocytes.  Springfield,  Illinois:  Charles  C.  Thomas, 

1957. 

18.  Price,  C.  A.:  Repression  of  Acid  Phosphatase  Synthesis  in  Euglena  Gracilis.  Science, 

135:  46,  1962. 

19.  Schoenfeld,  M.  R.  :  Acid  Hyperpheiiylphosphatasia  as  a  Measure  of  Chronic  Renal 

Disease.  Circulation,  26:  783,  1962. 

20.  Schoenfeld,  M.  R.:  Significance  of  High  Serum  Acid  Phenylphosphatase  in  Acute  and 

Chronic  Renal  Diseases.  Clin.  Res.,  10:  408,  1962. 

21.  WooDARD,  H.  Q.:  The  Clinical  Significance  of  Serum  Acid  Phosphatase.  Am.  J.  Med., 

27:  902,  1959. 

22.  Lepow,  H.,  Schoenfeld,  M.  R.,  Messeloff,  C.  R.,  and  Chu,  F.:  Non-prostatic  Causes 

of  Acid  Hyperphosphatasia.  J.  Urol.,  87:  991,  1962. 

23.  Schoenfeld,  M.  R.:  Increased  Serum  Acid  Phosphatase  Following  Arterial  Embolism. 

Amer.  Heart  J.,  67:  92,  1964. 


A  Bleeding  Ahiioriiiality  Associated  witii 
Malignant  Hypertension 

11I;K1}|;HT  AL'SI  HKL,  M.D.,*  and  MILTUN  L.  LEVINE,  M.D.t 
New  York,  N.  Y. 

INTRODUCTION 

The  occurrence  of  bleeding  as  a  complication  of  hypertensive  cardiovascular 
disease  is  well  known.  This  is  generally  the  result  of  hemorrhage  into  various 
viscera  due  to  arterial  wall  disease  (1).  A  positive  tourniquet  test  (Rumpel- 
Leede-Hess)  is  present  in  over  50  i)er  cent  of  patients  with  hypertension 
without  apparent  relation  to  hemorrhagic  episodes  (2).  Almost  all  hemor- 
rhage in  hy])ertension  is  in  the  cephalic  parts  of  the  body — cerebral  hemor- 
rhage, retinal  hemorrhage,  and  epistaxis.  Hematuria,  when  present,  is  most 
often  due  to  ureteral  lithiasis  or  other  complication,  but  can  in  rare  instances 
result  from  arteriolar  necrosis  in  patients  in  the  malignant  ]ihase  of  hyper- 
tension (3).  However,  extensive  bleeding  into  subcutaneous  tissues  associated 
with  a  tcmjiorary  defect  in  the  coagulation  mechanism  has  not  been  previ- 
ously rejiorted  in  a  patient  with  hyjiertension  who  did  not  have  co-existant 
uremia.  The  following  case  report  concerns  a  ]Xitient  with  malignant  hyper- 
tension and  widespread  bleeding  associated  with  a  prolonged  bleeding  time  in 
whom  hemorrhagic  phenomena  disappeared  with  control  of  his  hypertension. 

CASE  REPORT 

J.F.,  a  40  year  old  white  male,  was  admitted  to  the  South  Nassau  Com- 
munities Hospital  on  May  31,  1961,  with  blurring  of  vision  of  five  days' 
duration.  For  fifteen  years  the  patient  noted  frequent  generalized  dull  head- 
aches. He  had  had  an  elevated  blood  pressure  but  had  never  received  any 
antihypertensive  therapy.  In  1956  the  patient  underwent  cholecystectomy 
for  cholelithiasis  without  any  bleeding  difficulty.  Five  weeks  j^rior  to  admis- 
sion he  noted  the  onset  of  gross  hematuria  and  easy  bruisability.  Five  days 
before  entering  the  hospital  he  noted  the  sudden  onset  of  blurring  of  vision. 
He  had  received  no  medication  other  than  aspirin  and  codeine  for  his  head- 
ache during  the  year  prior  to  this  admission. 

Family  history  was  significant  in  that  his  father  had  died  of  a  heart  attack, 
his  mother  had  died  of  a  cerebrovascular  accident,  a  sister  had  died  of  a 
cerebral  hemorrhage,  and  his  sole  living  brother  was  known  to  be  hypertensive. 

Physical  examination  revealed  a  well-developed,  well-nourished  stuporous 
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male:  tcnipciatui'c  was  37°C.,  pulse  vaiv,  72  ])ci-  iiiinuic,  blood  pressure  248/142 
in  both  arms,  and  250/144  in  botli  legs,  respiratory  rate  16  per  minute. 
The  jnipils  were  round  and  equal.  The  optic  fundi  showed  narrowing  and 
tortuosity  of  the  arterioles,  arteiioveiious  nicking,  extensive  hemorrhages  and 
exudates  and  a  1.5  D.  papilledema.  The  ])atient  could  barely  discern  fingers  on 
confrontation.  The  heart  was  enlarged  2  cm  to  the  left  of  the  midclavicular 
line  to  i:)ercussion.  Scattered  ecchymoses  were  noted  over  the  lower  extremities, 
and  there  was  no  edema.  Muscle  strength,  sensation,  and  deep  tendon  reflexes 
were  normal,  and  no  pathological  reflexes  were  noted. 

The  urine  was  acid,  with  3  plus  jiroteinuria.  Sediment  contained  numerous 
red  cells  and  occasional  white  cells  per  high-powered  field.  The  hemoglobin 
was  11.0  Gm%,  hematocrit  31%,  red  cell  count  3,700,000  cells/cu  cm,  white 


TABLE  I 

A  List  of  the  Coagulation  Studies  on  Patient  J.F. 


Patient 

Normal 

Bleeding  time 

Ivy  method 

24  min. 

2-{)  min. 

Duke  method 

.30  min. 

1-3  min. 

Tourniquet  test 

Rumpel -Leede-Hess 

+  +  +  + 

negative 

Coagulation  time 

Lee-White  method 

7  min. 

5-10  min. 

Clot  retraction 

at  end  of  1  hour 

normal 

at  end  of  24  hours 

normal 

Recalcification  time 

Lee-White  method 

2  min.,  28  sec. 

2-8  min. 

Prothrombin  time 

15  sec. 

15  sec. 

cell  count  9,600  cells/cu  cm,  with  a  normal  differential  i)attern,  and  the  plate- 
let count  was  173,000/cu  cm.  The  blood  urea  nitrogen  was  19  mg%,  and  the  non- 
protein nitrogen  44  mg%,  and  the  creatinine  1.48  mg%.  Serum  potassium  was 
3.6  mEq/L,  and  carbon  dioxide  30.6  mm/L.  The  fasting  blood  sugar  and  glu- 
cose tolerance  test,  the  serum  calcium,  phosphorus  and  uric  acid  were  all 
normal. 

The  bleeding  time  was  twenty-four  minutes  (Ivy  method  (4))  and  thirty 
minutes  (Duke  method  (5))  and  a  tourniquet  test  (Rumpel-Leede-Hess) 
was  strongly  positive.  The  clotting  time  was  seven  minutes,  and  clot  retrac- 
tion was  normal  at  one  hour  and  at  the  end  of  twenty-four  hours.  The  re- 
calcification  time  was  two  minutes  and  twenty-eight  seconds  and  a  thrombo- 
plastin generation  test  in  which  the  patient's  platelets  were  used  was  normal. 
The  prothrombin  time  was  normal  (Tables  I  and  II) . 

X-ray  of  the  chest  revealed  moderate  left  ventricular  enlargement  and  an 
intraveneous  pyelogram  was  normal.  Cystography  and  retrograde  pyelography 
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showed  no  abnoiiiinlitics.  An  ("Icctrocardioi^rani  sliowcd  left  ventrioulai'  livper- 
trophy. 

During  tlie  first  five  liosi)ital  days  the  ])atient  was  stuporous  and  inconti- 
nent. On  the  sixth  liospital  day  treatment  with  antihypertensive  agents  in- 
cluding parenteral  reserpine  and  pentolinium  tartrate  was  started.  During  the 
next  several  days  the  patient's  blood  jiressure  fell  from  levels  of  240-290/ 
140-190  to  120-180  80-130  and  the  parenteral  therapy  was  reijlaced  by  oral 
reserjiine,  pentolinium  tartrate,  hydralazine  and  chlorthiazide  with  mainte- 
nance of  the  blood  pressure  at  normal  levels.  The  patient  became  more  alert 
and  his  vision  slowly  improved  over  the  next  two  weeks.  The  papilledema 
disappeared  and  the  retinal  hemorrhages  resolved.  Urinalysis  showed  no 


TABLE  II 

Results  of  the  Thniniboplastin  Generation  Test  on  Patient  J .F . 


Time  in  Minutes  

2' 

4' 

6' 

8' 

Control 

Control  hariuin  sulfated  plasma  ] 

Control  aged  serum  \ 

60" 

30" 

15" 

14" 

Brain  extract  J 

Patient 

Patient's  barium  sulfated  plasma] 

Patient's  aged  serum  > 

20" 

18" 

17" 

16" 

Brain  extract  J 

Control  plus  patient's  platelets 

Control  barium  sulfated  plasma  ] 

Control  aged  serum  \ 

55" 

15" 

13" 

Patient's  platelets  J 

Control  plus  control  platelets 

Control  barium  sulfated  plasma  ] 

Control  aged  serum  > 

50" 

16" 

12" 

Control  platelets  ] 

proteinuria  and  the  .'^ediment  contained  only  occasional  red  blood  cells  per 
high-jiowered  field.  On  the  thirteenth  hospital  day  the  bleeding  time  became 
normal  (four  minutes  and  thirty  seconds)  and  the  tourniquet  test  negative. 
Urinary  catechol  amines  were  normal  on  two  occasions. 

The  patient  was  discharged  and  has  been  maintained  on  oral  antihyperten- 
sive therapy  to  the  present  time.  His  vision  has  steadily  improved  and  he  has 
been  able  to  return  to  his  work  as  a  draftsman.  Repeated  coagulation  studies 
including  bleeding  time  and  tourniquet  test  are  normal. 

DISCUSSION 

The  strong  family  liistory  of  cerel)ral  and  cardiovascular  disease  and  the 
patient's  long  history  of  an  elevated  blood  pressure  are  in  favor  of  the  diag- 
nosis of  essential  hypertension.  His  symptoms  at  the  time  of  admission  were 
related  to  the  accelerated  phase  of  his  hypertension  complicated  by  a  bleeding 
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;il)ii()rinalit>-.  L;il)()r;il()iy  studies  did  not  indicate  any  underlying  cause  for 
his  liypertension  and  n  coagulation  workup  revealed  an  unexplained,  markedly 
prolonged  bleeding  time,  togetliei-  with  a  jwsitive  tourniquet  test.  He  was 
under  no  therapy  when  his  bleeding  began.  With  intensive  antihyi)ertensive 
therapy  the  symptoms  and  lundoscopic  findings  of  malignant  hypertension 
regressed  and  the  bleeding  abnoinuility  sinniltaneously  disappeared.  A  major 
problem  that  confronts  us  lieic  is  to  ex|)lain  the  mechanisms  by  which  his 
prolonged  bleeding  time  develoi)ed. 

The  factors  tliat  control  the  bleeding  time  are  poorly  understood.  The  ab- 
normality most  commonly  associated  with  a  prolonged  bleeding  time  is  a 
deficiency  or  abnormality  of  the  platelets  (6).  The  patient's  platelets  were 
normal  in  number  and  appearance  on  microscopic  examination.  His  clot 
retraction  was  normal  and  a  thromboplastin  generation  test,  in  which  the 
patient's  platelets  were  used,  was  normal.  These  tests  rule  out  a  platelet 
abnormality  as  the  cause  of  the  prolonged  bleeding  time  in  this  patient. 

A  prolonged  bleeding  time  may  be  seen  in  some  forms  of  vascular  ptirpura. 
Cutaneous  bleeding  may  be  spontaneous  or  occur  after  minimal  trauma.  The 
increase  in  hydrostatic  pressure  within  the  vessels  of  the  lower  extremities 
accounts  for  the  predilection  of  spontaneous  purpura  to  occur  in  dependent 
portions  of  the  body.  Intramuscular  and  intra-arterial  hemorrhages  are  less 
common.  The  platelets  are  normal  in  number  and  function.  The  tourniquet 
test  is  usually  positive,  and  in  those  disorders  in  which  the  bleeding  time  is 
prolonged,  the  jirothrombin  consumption  and  thromboplastin  generation  may 
also  be  mildly  abnormal  (7j. 

A  prolonged  bleeding  time  due  to  an  inherited  vascular  defect  is  seen  in 
Von  Willebrand's  disease  (8,  9).  The  absence  of  previous  bleeding  during 
surgery  tends  to  rule  out  an  inherited  disorder  in  the  patient  presented.  In 
Von  Willebrand's  disease  the  j)rolongation  of  the  bleeding  time  appears  to  be 
due  to  a  vascular  deficit  1 10,  11),  with  the  prolonged  clotting  time  secondary 
to  an  antihemophilic  globulin  deficiency  (9,  12).  However,  a  j^rolonged  bleed- 
ing time  is  not  present  in  pure  vascular  purj^ura  such  as  Henoch-Sclionlein 
purpura  (13)  oi'  scurvy  (14).  In  Von  Willebrand's  disease  the  bleeding  may 
therefore  be  due  to  a  failure  of  otherwise  normal  capillaries  to  contract. 
Quick  (15)  has  suggested  that  the  abnormality  resi^onsible  for  the  i)rolonged 
bleeding  time  in  Von  Willebrand's  disease  is  an  unknown  plasma-factor  de- 
ficiency similar  to  that  seen  in  thrombocytopenia.  The  ])rolonged  bleeding 
time  seen  in  this  patient  may  have  been  due  to  a  similar  plasma-factor 
deficiency  which  was  precipitated  during  the  accelerated  phase  of  his  hyper- 
tension and  relieved  by  the  control  of  his  hypertension. 

Vascular  purpura  may  be  associated  with  uremia  or  diabetes  (7).  The 
presence  of  normal  blood  urea  nitrogen  and  creatinine  in  this  jiatient  elimi- 
nates uremia  as  a  cause  for  his  bleeding.  A  normal  glucose  tolerance  test 
rules  out  diabetes  mellitns  as  a  cause  of  his  vascular  ])urpura. 

Reserpine  can  cause  a  depletion  of  platelet  serotonin  (16j.  Careful  inquiry 
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revealed  no  prior  rcscrpinc  therapy  and  t'urtliorniore  the  patient  inii)roved 
while  he  received  parenteral  reserpine. 

There  are  no  reports  in  the  literature  of  coagulation  studies  of  other  patients 
with  a  prolonged  bleeding  time  during  the  accelerated  phase  of  hypertension. 
This  niay  be  due  to  the  rarity  of  this  complication  or  the  failure  to  perform 
coagulation  studies  on  these  patients.  Coagulation  studies  including  a  properly 
done  bleeding  time  on  other  patients  with  malignant  hypertension  are  sug- 
gested. 

SUMMAKV 

This  is  the  first  reported  case  of  a  patient  with  malignant  hypertension  and 
bleeding  due  to  a  prolonged  l)lecding  time.  The  known  causes  of  a  prolonga- 
tion of  the  l)leeding  time  arc  reviewed  briefly  and  a  theory  is  presented  to  ex- 
]3lain  the  bleeding  abnormality  in  this  patient.  It  is  hoped  that  this  report  will 
encourage  others  to  search  for  coagulation  deficiencies  in  patients  with  accel- 
erated hypertension. 
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CLAUDE  HLOCH,  M.D.,  and  HAUA  IIY  M.  PECK,  M.D. 
New  York,  N.  Y . 

CASE  NO.  235 

A  27  year  old  female  complained  of  persistent  painfnl  swelling  of  the  left  knee. 
Seven  years  previously  a  hemorrhagic  effusion  develop<'d  in  the  left  knee 
without  antecedent  trauma.  Multiple  intra-articulai-  injections  of  coi'ticoster- 
oids  relieved  the  associated  pain  but  bloody  effusion  continued  to  recur. 
Radiographic  examination  revealed  marked  synovitis.  Six  years  ago,  a  pos- 
terior synovectomy  was  performed  and  the  diagnosis  of  pigmented  villonodu- 
lar  synovitis  was  established  histologically.  There  was  partial  relief  of  pain 
but  hemorrhagic  effusions  continued  to  occur.  Radiograjihic  examination  of 
the  knee  was  again  performed  (Figs.  lA,  IB)  and  revealed  marked  enlarge- 
ment of  the  synovial  shadows  in  the  suprapatellar  and  infi'apatellar  zones, 
but  only  slight  prominence  of  the  synovial  shadows  ]iosteriorly  in  the  popliteal 
region  where  the  synovectomy  had  been  performed.  There  were  no  bony  ab- 
normalities and  the  articulating  surfaces  were  smooth.  Three  years  ago  there 
was  continued  pain,  marked  swelling  and  marked  limitation  of  motion.  A 
needle  aspiration  of  the  anterior  synovium  was  performed;  all  histologic  ma- 
terial was  then  reviewed  and  the  diagnosis  of  pigmented  villonodular  syno- 
vitis was  confirmed.  Radiation  therapy  was  prescribed  and  the  patient  re- 
ceived 3,200  roentgens  exposure  dose  of  2  MVP  radiation.  The  response  was 
not  dramatic  but  symptoms  abated  somewhat  and  the  swelling  also  decreased. 
However  all  symptoms  recurred  with  severity  two  years  ago,  eighteen  months 
following  radiation  therapy,  and  radiographic  examination  of  the  knee  was 
again  performed  (Figs.  2A,  2B).  Marked  synovial  reaction  was  again  noted, 
and  in  particular  there  was  increased  soft  tissue  shadow  posteriorly.  A  few 
small  erosions  of  the  subcortical  bone  were  noted. 

During  the  past  two  years,  the  symptoms  have  been  persistent,  severe  and 
progressive.  Clinical  examination  at  present  revealed  a  markedly  swollen,  boggy 
knee,  with  considerable  heat  present.  The  slightest  motion  of  the  joint  was  mark- 
edly painful.  There  were  no  systemic  signs  and  all  other  joints  were  normal. 

Radiographic  examination  of  the  knee  at  the  present  time  (Figs.  3A,  3B, 
3C)  revealed  marked  synovial  thickening,  numerous  foci  of  bone  destruction 
on  both  sides  of  the  knee  joint  with  some  surrounding  osteosclerosis,  and  mod- 
erate narrowing  of  the  articular  cartilage.  Although  it  was  the  clinical  impression 
that  a  fusion  of  the  joint  will  ultimately  be  required,  a  repeat  synovectomy 
will  be  performed  in  an  attempt  to  ]irovide  this  young  patient  with  a  period  of 
relatively  pain-free  motion. 

From  the  Depailmeiit  of  Radiology,  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 
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DISCUSSIOX 

Pigmented  villoiiodular  synovitis,  bursitis  and  tenosynovitis  were  described 
by  Jaft'e  and  co-woikers  in  1941  (1).  The  name  of  the  disease  accurately  re- 
flects the  jiathologic  process  in  which  there  is  exuberant  synovial  proliferation 


Case  235,  Fig.  1A.  Tunnel  view  of  the  knee  performed  six  years  ago  shows  no  bony 
or  articular  abnormality. 

in  a  villous-like  and  nodular  conformation:  iiigmentation  is  secondary  to  hem- 
orrhagic effusion  and  deposition  of  liemosiderin  (1,  2).  The  disease  is  almost 
always  monarticular  in  distribution  (3 1,  has  no  sex  predilection,  and  is  usually 
found  in  the  tliird  to  fifth  decades,  although  the  age  spectrum  is  much  wider 
(2,  4,  5l.  The  knee  is  by  far  the  most  common  joint  affected.  The  etiology  is 
unknown.  Two  imjiortant  chnical  features  which  should  l)e  emphasized  are  the 
nodular  masses  about  the  joint  which  ai'c  often  palpable  and  the  bloody  joint 
effusions. 
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Radioiirapliic  I'caturcs  I'cllcct  the  pallioloi^ical  |)|-()ccs>.  The  syiiox'ial  |)i'()lilci'- 
atioii  may  a  nodular  or  lobulutcd  outline  and  it  has  been  stated  tliat 

the  incieased  ii'on  pigment  enhances  detection  of  the  synovial  i)rocess  (3l. 
When  major  joints  ai-e  invoh'ed  (lie  process  is  most  often  inti'a-ailicular  but 
may  be  para-art iculai'  on  occasion  (til.  Bony  erosions  are  somelimes  not  em- 


Case  235,  Fig.  IB.  Lateral  view  reveals  marked  soft  tissue  swelling  in  the  supra- 
patellar region  and  infrapatellar  region  (arrows  A  and  B).  A  moderate  but  well- 
defined  soft  tissue  swelling  is  also  seen  posteriorly  (arrow  C). 

phasized  in  the  literature,  but  numerous  reports  have  described  or  demon- 
strated single  or  multiple  subcortical  bony  defects  generally  ranging  up  to  2 
cm  in  size  and  with  thin  sun-ounding  marginal  sclerosis  (2,  3,  4,  7,  8).  The  l)ony 
changes  demonstrated  in  the  case  presented  appear  to  be  much  more  extensive 
than  usually  desci'ibed.  The  documented  sequence  of  their  api)earance  is  also 
of  interest  in  emphasizing  the  uni'elenting  ])rogressive  course  which  the  disease 
may  follow  desjMte  the  accepted  surgical  and  therapeutic  measures  (8,  9). 
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Case  235,  Fig.  2A.  Anteroposterior  examination  performed  2  years  ago,  18  months 
following  a  course  of  radiotherapy,  reveals  a  small  erosion  adjacent  to  the  medial 
tibial  plateau  in  a  para-articular  location. 
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Case  235,  Fig.  2B.  Lateral  view  again  reveals  soft  tissue  swelling,  but  at  this  time 
there  is  a  marked  increase  in  the  posterior  soft  tissue  mass  (arrows  A,  B,  and  C).  A 
small  subcortical  lucent  defect  can  also  be  seen  (arrow  D). 
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Case  235,  Fig.  3A.  Anteroposterior  exomination  of  the  knee  at  the  present  time 
reveals  narrowing  of  the  joint  cartilages  and  numerous  rounded  subcortical  lucent 
defects.  The  defects  range  from  3  to  15  mm  in  size  and  are  located  on  both  sides  of 
the  knee  joint.  There  is  some  associated  marginal  bony  sclerosis. 
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Case  235,  Fig.  3B.  Tunnel  view  reveals  similar  findings.  Prominent  para-articular 
erosive  lesions  are  particularly  well  demonstrated. 
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(Xlici-  i';i(li()fi;r;i|)liic  features  include  the  prominent  lack  of  hone  atrophy, 
hy])ertroi)hic  chaiii^es,  narrowing  of  the  joint  cartilages  and  icactive  l)one  sch'- 
rosis  (other  tluin  tlie  margins  of  bony  erosions]  except  in  advanced  chronic 
cases.  The  absence  of  soft  tissue  calcifications  is  an  important  differential 
featui'e.  Calcifications  jioint  to  a  consideration  of  synovial  osteochondroma- 
tosis or  synovial  sarcoma  (see  Case  No.  236)  and  virtually  exclude  pig- 
mented villonodular  .synovitis  1 10).  Tuberculosis  also  figures  prominently  in 
the  dit^'erential  diagnosis. 

Case  Report:  Pigmented  villonodular  synovitis  of  the  knee. 
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CASE  NO.  236 

A  38  year  old  male  complained  of  pain  in  the  left  knee  of  nine  months'  dura- 
tion. The  onset  of  the  pain  was  insidious  without  known  trauma  and  the 
symptoms  gradually  increased  in  severity.  Radiographic  examination  of  the 
knee  three  months  prior  to  admission  revealed  evidence  of  a  synovial  reaction 
in  the  knee.  No  bony  abnormality  was  noted  and  the  articulating  surfaces 
were  smooth.  Re-examination  of  the  knee  at  the  time  of  admission  revealed 
similar  findings.  Clinically,  the  knee  showed  no  undue  heat  or  redness  but 
there  was  boggy  swelling  and  some  limitation  of  motion.  Routine  examinations 
of  the  blood  and  urine  were  normal. 
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Case  236,  Fig.  1.  Lateral  view  of  the  left  knee  reveals  soft  tissue  swelling  filling  the 
suprapatellar  bursa  (along  arrows).  Within  the  bursal  region  are  distributed  faint, 
tiny,  punctate  calcifications.  There  are  no  associated  bony  abnormalities. 

At  surgery,  marked  thickening  of  tlie  synovial  refiections  was  noted  through- 
out the  joint  with  tiny,  firm  projections  diffusely  distributed  on  all  surfaces. 
These  felt  almost  like  sandpaper  to  the  touch.  A  partial  synovectomy  was 
performed. 

Grossly,  the  i)atliologist  described  the  synovium  as  measuring  up  to  1  cm  in 
diameter  and  having  a  nonpigmented  nodular  appearance.  Histologically,  the 
mesothelial  lining  was  hyperplastic  and  there  were  nodular  cartilaginous  pro- 
jections. Small  focal  areas  of  calcification  were  noted  within  the  cartilage. 
Cultures  of  the  joint  content  showed  no  evidence  of  tuberculosis  or  other  in- 
flammatory disease.  The  pathologic  diagnosis  was  synovial  osteochondroma- 
tosis. 


RADIOI.OCUCAL  XOTES 


Followino-  operation,  additional  radio^iaphic  studies  of  tlic  knee  were  per- 
formed with  soft  tissue  technique.  In  tiie  lateral  view  (Fig.  Ij  there  were  noted 
extremely  faint  punctate  calcifications  distributed  throughout  the  suprapatel- 
lar sj)ace.  These  were  not  noted  on  the  original  radiographs  which  had  been 
perfoi'nied  with  more  penetrated  technicjue. 

("linical  evaluation  three  months  after  operation  revealed  i)ainless  motion 
with  some  limitation  at  the  extremes  of  flexion  and  extension.  The  patient 
walked  with  a  slight  limp  hut  was  back  to  work  full  time  and  on  his  feet  all 
day. 

DISCUSSION 

Synovial  osteochondromatosis,  often  called  synovial  chondromatosis,  is  a 
disease  in  wliich  the  synovium  undergoes  metaplasia  and  produces  cartilage  (1 ). 
The  cartilaginous  foci  present  as  excresences  and  may  subsequently  break  off 
to  become  loose  bodies  in  the  joint.  These  bodies  tend  to  enlarge  and  often  un- 
dergo calcification  and  even  ossification.  The  disease  apparently  is  self- 
limited  and  eventually  reaches  an  inactive  stage.  At  that  point  only  a  pre- 
sumptive diagnosis  can  be  advanced  since  most  pathologists  demand  histologic 
evidence  of  active  cartilage  production  before  making  a  positive  diagnosis 
(1,  2).  The  disease  occurs  mostly  in  males  between  the  ages  of  30  and  50  years, 
but  has  been  reported  in  a  much  wider  age  spectrum.  The  knee  joint  is  most 
commonly  involved  and  the  process  is  almost  always  monarticular  in  dis- 
tribution. 

Fine  soft  tissue  calcifications  are  a  radiographic  hallmark  but  are  frequently 
extremely  difficult  to  demonstrate.  When  present,  the  differential  diagnosis  lies 
between  synovial  osteochondromatosis  and  synovial  sarcoma.  The  latter  is 
usually  para-articular  rather  than  intra-articular  and  tends  to  destroy  rather 
than  erode  bone;  in  many  cases,  however,  the  differential  diagnosis  may  be 
impossible.  When  many  calcified  loose  bodies  are  present,  the  differential  diag- 
nosis should  include  severe  hypertrophic  osteoarthritis  and  neuropathic  joint 
disease.  In  the  absence  of  calcifications,  pigmented  villonodular  synovitis  and 
a  specific  joint  infection  such  as  tuberculosis  must  be  considered  (1,  3). 

Case  Report:  Synovial  osteochondromatosis  of  the  knee. 
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Case  237,  Fig.  lA.  Supine  examination  of  the  abdomen  performed  approximately 
one  hour  after  birth  shows  a  conspicuous  absence  of  normal  gas-containing  bowel. 
Only  two  small  collections  of  gas  are  noted,  both  apparently  in  the  stomach  in  the 
left  upper  quadrant  (arrows).  A  very  large  soft  tissue  mass  occupies  the  entire  ab- 
domen and  bulges  into  the  right  flank.  No  abnormal  calcifications  are  noted.  (A  static 
artifact  is  noted  on  the  lower  portion  of  the  film.) 

CASE  NO.  237 

A  newborn  male  infant,  the  product  of  an  uneventful  pregnancy  and  de- 
livery, was  noted  at  birth  to  have  a  markedly  protuberant  abdomen.  The  con- 
sulting surgeon  described  the  abdomen  as  containing  a  large  soft  mass  which 
presented  to  the  right  of  the  midline  but  which  extended  into  the  right  flank 
and  to  the  left  across  the  midline.  The  mass  was  not  mobile  and  no  lobula- 
tions were  felt.  The  consistency  suggested  a  cystic  quality  but  this  could  not 
be  stated  with  certainty. 

Radiographic  examination  of  the  abdomen  was  performed  approximately 
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one  hour  foll()\vin<^  doliveiy  (Figs.  lA,  IB).  A  large  lioinogencous  soft  tissue 
mass  was  noted  to  occupy  the  abdomen  which  bulged  into  the  right  flank  but 
not  the  left.  No  calcifications  were  noted.  Two  tiny  collections  of  gas  were 
noted  in  the  left  upper  abdoincii  apparently  in  the  stomach.  The  aluloiiicii  was 


Case  237,  Fig.  IB.  Right  lateral  projection  of  the  abdomen  delineates  the  large  mass 
bulging  the  anterior  abdominal  wall.  Two  small  collections  of  gas  are  again  noted  in 
the  upper  abdomen  (arrows). 

otherwise  devoid  of  gas.  Since  the  infant  was  vigorous  and  cried  well,  the  find- 
ings were  felt  to  be  indicative  of  gastric  obstruction  a])])arently  related  to  the 
mass. 

The  infant  failed  to  pass  urine  or  meconium  and  respirations  became  la- 
bored. Abdominal  exjiloration  was  performed  at  eleven  hours  of  age.  A  grape- 
fruit-sized cystic  mass  was  found  retroperitoneally  behind  the  I'ight  colon.  The 
stomach  and  intestines  were  markedly  displaced  and  comjjressed.  The  ureter 
was  traced  to  the  mass  and  the  surgeon  felt  that  the  mass  represented  a  hy- 
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(Ironephrotio  kidney  or  a  wvy  large  renal  cyst.  The  left  kidney  was  normal  to 
palpation.  A  right  ne|)hi'eetoniy  was  performed. 

The  hahy  did  well  ])ostoperatively  and  liad  iioiiiial  respiratory,  urinary  and 
gastrointestinal  functions.  Intravenous  urogram  was  i)erformcd  at  ten  days  of 
age  and  revealed  good  function  of  the  left  kidney  with  no  gross  abnormality. 

The  pathologist  described  a  large  retention  cyst  of  the  kidney.  Along  one 
wall  of  the  cyst  was  a  thin  mantle  of  underdeveloped  tubules  and  glomeruli 
but  the  main  wall  of  the  cyst  was  com))osed  of  dense  fibrous  connective  tissue. 
Longitudinal  sections  through  the  upper  ureter  revealed  large  fibrous  folds 
covered  by  epithelium  wliich  could  be  interpreted  as  valves.  Although  it  was 
felt  that  the  mass  represented  a  large  simple  cyst,  a  hydronephrotic  sac  sec- 
ondary to  ureteral  obstruction  by  valves  could  also  explain  the  pathological 
findings.  There  was  no  evidence  of  neoplastic  or  polycystic  disease. 

DISCUSSION 

Radiographic  examination  of  a  normal  newborn  infant  at  one  hour  of  age 
should  reveal  gas  extending  down  past  the  stomach  into  the  small  l)owel. 
Exceptions  to  this  rule  are  usually  in  cases  with  jioor  or  absent  crying  or  per- 
sistent lying  in  the  prone  position  ( 1 ) .  Since  these  exceptions  do  not  apply  in 
the  case  presented,  the  gas  pattern  indicates  a  mechanical  obstruction  at  the 
gastric  level.  It  is  often  not  emphasized  that  a  large  mass  extrinsic  to  the 
gastrointestinal  tract  can  cause  obstruction  due  to  compression  or  angulation. 
An  excellent  example  of  duodenal  obstruction  due  to  a  large  renal  mass  has 
recently  appeared  in  the  radiographic  literature  (1).  Gastric  obstruction  is 
a]iparently  much  less  common,  presumably  because  of  the  greater  size  and  mo- 
bility of  the  stomach  as  well  as  its  anterior  location. 

Introduction  of  air  into  the  stomach  via  a  nasogastric  tube  would  have  been 
helpful  in  clarifying  the  gastric  shadow. 

Case  Report:  Coxgenit.\l  cyst  of  the  right  kidney  with  gastric  obstruction. 
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CASE  NO.  238 

This  29  year  old  female  was  told  that  as  a  child  she  had  suffered  from 
"Celiac  Disease."  She  had  been  well  until  one  month  before  her  present  illness 
when  she  noted  the  sudden  onset  of  ten  watery  bowel  movements  j)er  day  un- 
accompanied by  pain  or  vomiting.  There  had  been  no  blood  in  the  stools. 
Her  appetite  had  remained  good,  altliough  she  had  noted  a  five  jwund  loss  of 
weight. 


I<A1)10L(MUCAL  NOTES 


Because  of  these  complaints,  a  barium  enema  was  performed  which  sliowed 
no  organic  abnormaHties  of  the  large  intestine.  The  bowel  was  normally  dis- 
tensible. No  ulcerations  were  seen.  On  the  right  side  of  the  colon,  there  were 
some  irregularities  of  the  contour  (Fig.  I),  but  this  was  ;i|)paicnt  1  y  due  to  a 


Case  238,  Fig.  1.  Barium  enema  reveals  irregularity  of  the  contours  of  the  right  side 
of  the  colon.  This  is  due  to  a  marked  amount  of  secretions  pouring  in  from  the  small 
bowel.  On  repeat  examination  a  few  days  later  the  contours  appeared  normal.  The 
terminal  ileum  is  filled  by  reflux  and  appears  normally  distensible  and  of  normal 
caliber. 


iriarked  amount  of  secretions  within  the  l)o\vel  as  on  repeat  examination  the 
colonic  contouis  were  smooth.  Because  of  the  normal  barium  enema,  a  small 
bowel  examination  was  performed.  The  proximal  jejunum  was  noted  to  be 
moderately  dilated,  but  on  the  early  films  it  contained  no  unusual  amount  of 
secretions.  The  valvulae  conniventes  were  normally  pliable.  In  later  films, 
the  dilatation  previously  noted  appeared  to  be  more  marked  in  the  distal 
jejunum  and  proximal  ileum.  This  was  associated  with  flocculation  and  seg- 
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mentation  of  the  barium  eolunm.  An  ill-defined  filling  defect  was  noted  in  the 
distal  jejunum  (Fig.  2A).  Pressure  spot  films  of  this  area  revealed  a  well-de- 
fined filling  defect  in  the  distal  jejunum  associated  with  a  coil-spring  appear- 
ance of  the  adjacent  bowel,  tyi)ical  of  an  intussusception  (Figs.  2B,  2C).  This 


Case  238,  Fig.  2A.  Radiograph  of  the  small  intestine  in  the  prone  projection  four 
hours  after  the  ingestion  of  barium  reveals  marked  dilatation  of  the  distal  jejunal  and 
proximal  ileal  loops.  This  is  associated  with  flocculation  and  segmentation  of  the  barium 
column.  An  ill-defined  filling  defect  is  noted  in  the  distal  jejunum  (arrow). 

was  noted  on  several  films.  There  was  no  evidence  of  obstruction  to  the  flow  of 
barium  in  this  region.  Pressure  spot  films  of  the  terminal  ileal  loop  appeared 
normal. 

The  patient  was  hospitalized  and  numerous  tests  were  performed  which  in- 
cluded stool  examination,  prothrombin  time,  absorption  tests,  and  jejunal 
biopsy;  these  confirmed  the  diagnosis  of  a  malabsorption  syndrome. 


HAI)l()L(Hil('AL  NOTES 


Thv  patient  was  plarod  on  a  <2;lut('ii-frcc  diet  and  sliowcd  iTiiiai'kal)lc  ini- 
proN-cnicnt  in  tier  symptoms. 

Discrssiox 

The  classical  i'catui'cs  ol'  spi'iic  ai'c  well  known  and  include  small  intestinal 
dilatation,  segmentation,  l'ratj;mcntation  and  moulage  foi'ination.  Dilatation  is 


Case  238,  Fig.  2B.  A  film  taken  half  an  hour  later  with  a  pressure  paddle  in  the  re- 
gion of  the  distal  jejunum  reveals  the  filling  defect  to  better  advantage  (arrow). 

the  m(jst  constant  roentgen  finding  and  is  often  the  only  recognizable  abnor- 
mality in  this  disease  (1) . 

Beside  the  classical  signs  outlined  above,  the  case  presented  exhibited  an 
additional,  seldom  described  finding  in  the  distal  jejunum  and  proximal  ileum 
— namely,  ti'ansient  intussusceptions.  Whereas  90  per  cent  of  the  intussuscejv 
tions  in  infants  and  children  are  of  the  idiopathic  variety,  80  per  cent  of  those 
in  adults  are  secondary  to  demonstrable  organic  causes.  Fifty-five  per  cent  of 
all  intussusceptions  in  adults  are  due  to  small  bowel  tumors.  The  mechanism 
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or  formation  of  the  idiopathic  intus!>visci'ption  is  not  clear,  hut  it  is  felt  to  be 
due  to  a  jiroxiuial  wave  of  contraction  adjacent  to  a  distal  segment  of  relaxa- 
tion (2).  Some  think  that  it  is  related  to  an  adenovirus  infection  with  hyper- 
trophy of  the  lymphoid  elements  in  the  wall  of  the  small  bowel  which  in  turn 
form  the  head  of  the  intussuscipiens  (3).  In  sprue,  it  is  probable  that  the  cause 


Case  238,  Fig.  2C.  Spot  film  at  the  same  time  reveals  typical  "coil-spring"  appear- 
ance associated  with  the  smooth  intraluminal  filling  defect  (between  arrows). 

of  the  intussusceiition  is  related  to  the  dilatation  of  the  small  bowel  which  is 
filled  with  a  large  amount  of  secretions. 

As  was  tlie  case  in  tlie  patient  described  above,  transient  intussusceptions 
in  sprue  seldom  produce  a  clinical  picture  of  crampy  abdominal  pains  and 
vomiting.  In  those  cases  of  transient  intussusception  described  by  Teitel- 
baum  in  children,  the  patients  usually  jiresented  with  classical  episodic  abdom- 
inal pain  and  vomiting  (4). 

Tlie  presence  of  transient  intussusception  in  association  with  sprue  is  not 
mentioned  in  any  of  the  classical  i)apers  on  sprue  or  in  the  discussions  on  the 
etiology  of  intussusception  in  adults.  However,  it  is  being  noticed  with  in- 
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creased  fmiuencv  in  this  disease.  It  is  iini)erative  to  recognize  the  preseiiee  of 
the  sprue  pattern  when  multiple  intussusee|)tions  are  seen  on  small  bowel  ex- 
amination, so  that  these  are  not  misinterpreted  as  represent injj;  intussuscep- 
tions secondary  to  small  bowel  tumors. 

Case  Report:  Transient  intussi  sception  in  sprue. 
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CASE  NO.  239 

This  68  year  old  male  presented  with  a  nontender  swelling  of  the  forehead  of 
one  month's  duration.  There  had  been  no  history  of  previous  trauma.  The 
patient  complained  of  no  systemic  symptoms.  He  had  noted  the  mass  to  in- 
crease in  size  slowly  in  the  past  four  weeks. 

Physical  examination  disclosed  a  4  X  5  cm  nontender  firm  soft  tissue  swell- 
ing occupying  the  midportion  of  the  forehead  near  the  bregma.  The  overlying 
skin  appeared  to  be  stretched  but  was  not  reddened  or  otherwise  abnormal. 
The  remainder  of  the  physical  examination  was  negative  except  for  a  large 
firm  axillary  lymph  node  on  the  left  side. 

Biopsy  of  the  left  axillary  mass  revealed  small  cell  lymphosarcoma.  The 
patient  was  started  on  a  course  of  cobalt-60  radiotherapy  directed  to  the  left 
axilla  and  to  the  swelling  on  the  forehead.  Both  masses  showed  some  decrease 
in  size  at  the  end  of  treatment. 

Radiographic  examination  of  the  skull  revealed  a  smooth  well-demarcated 
soft  tissue  swelling  in  the  superior  portion  of  the  frontal  bone  in  the  midline. 
Tangential  soft  tissue  film  reveals  minute  perpendicular  striations  of  the  outer 
table  of  the  frontal  bone  under  this  soft  tissue  sw-elling  (Fig.  lA).  The 
dii)loic  space  and  the  inner  table  were  normal  (Fig.  IB).  In  the  frontal  view, 
there  were  no  apparent  abnormalities  (Fig.  IC). 


DISCUSSION 

This  case,  in  all  probability,  represents  an  instance  of  a  lymphosarcomatous 
lesion  within  the  seal])  with  secondary  involvement  of  the  underlying  fi'ontal 
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hone.  Bone  in\olveinent  of  the  skull  in  lyniphosarconia  is  rare,  hut  when  it 
occurs  it  usually  presc^nts  as  an  area  of  hone  destruction  similar  to  that  seen  in 
metastatic  carciiioiiia  ill.  \Mieii  the  soft  tissues  arc  primarily  involved  as  in 
the  case  presented,  a  most  unusual  appearance  to  the  underlying  outer  table 
is  noted  which  is  (|uite  different  fi'om  the  usual  lytic  lesion  of  the  skull.  It  is 
probably  tlu'  icstdt  of  invasion  of  the  perici'anium  and  the  outer  table  l)y  ma- 


Case  239,  Fig.  1A.  Lateral  soft  tissue  radiograph  of  the  frontal  region  reveals  a 
smooth  soft  tissue  swelling  with  intact  tissue  planes.  There  is  a  fine  layer  of  periosteal 
new  bone  formation  of  the  perpendicular  striated  type  seen  adjacent  to  the  outer 
table.  This  is  seen  to  extend  over  the  entire  area  of  the  soft  tissue  swelling. 

lignant  cells  with  a  reactive  periostitis  1 2,  3).  In  the  differential  diagnosis,  one 
must  include  osteogenic  sarcoma,  primarily  arising  in  tlie  jiarosteal  elements. 
Also  a  jH'culiar  hemangioma  of  the  skull  can  produce  a  similar  appearance. 
Neuroblastomas  occurring  in  children  may,  on  occasion,  present  with  a  large 

Case  239,  Fig.  IB.  The  same  area  using  hard  technique  reveals  that  the  inner  table 
and  the  diploic  space  in  the  region  of  the  lesion  are  normal. 

Case  239,  Fig.  IC.  Caldwell  view  reveals  no  further  abnormalities  of  the  frontal 
bone. 


Fig.  1  C 
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soft  tissue  swelling  with  a  spiculated  area  of  periosteal  reaction,  but  in  this 
case  there  is  a  large  associated  destructive  process  involving  the  entire  thick- 
ness of  the  diploe.  Meningiomas  may  produce  a  peculiar  exostosis  which  super- 
ficially may  resemble  the  case  described;  but  when  this  is  associated  with  a 
large  soft  tissue  mass,  there  are  other  stigmata  of  this  disease,  namely  in- 
creased vascularity  of  the  adjacent  bone  and  a  bony  defect  involving  the 
inner  table  and  diploic  space. 

Case  Report:  Lymphosarcoma  of  the  scalp  with  bony  invasion. 
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RUDOLPH  KRAMER,  M.D. 
1892-1964 


In  jWrmoriam 

RUDOLPH  KKAAIKR 
1892-1964 

Dr.  Kudolijh  Kramer  was;  an  ominently  skilk'd  laryngologist  and  a  superb 
endoscopist.  His  early  indoctrination  in  pathology,  as  a  post-graduate  student 
in  Paris,  Berlin  and  Vienna,  helped  him  to  become  an  excellent  teacher  of 
the  basic  knowledge  of  the  pathogenesis  of  diseases  of  the  ear,  nose  and  throat. 
As  Director  of  Otolaryngology  at  The  Mount  Sinai  Hospital  from  1931  to  1954, 
he  made  several  significant,  basic  contributions  to  his  specialty.  Amongst  these 
were  his  fundamental  studies  in  the  anatomy  of  the  tracheobronchial  tree  with 
coi'relation  of  the  pulmonary  segments  and  the  branch  bronchi.  His  original 
dissertation  on  benign  bronchial  tumors  and  their  differentiation  from  adeno- 
carcinoma of  the  bronchus  was  an  important  contribution,  now  part  of  the 
working  knowledge  of  our  profession. 

With  Dr.  William  Harris,  he  was  a  pioneer  in  this  country  in  the  treatment 
of  carcinoma  of  the  larynx  by  radiotherapy.  Although  a  surgeon,  Dr.  Kramer 
departed  from  the  accepted  surgical  treatment  of  carcinoma  of  the  larynx  by 
initiating  a  new  modality  of  therajiy  by  radiation.  This  bold  venture  gained  na- 
tional acceptance  and  remains  of  great  value  today. 

Dr.  Kramer  was  a  shy,  retiring  man,  possessed  of  great  humility  and  modesty 
despite  his  many  professional  and  personal  accomplishments.  Many  of  his 
residents  profited  from  his  benevolence.  He  was  eager  to  help  without  thanks  or 
recognition  of  his  service. 

Dr.  Rudolph  Kramer  remained  a  student  and  scholar  throughout  his  life. 
He  was  a  prolific  reader,  a  talented  musician — as  well  as  being  well  versed  in 
such  diverse  topics  as  nuclear  energy,  mathematics  and  gardening.  Dr.  Kramer 
was  a  man  of  utmost  integrity  who  never  compromised  with  the  trath  as  he  saw 
it.  He  not  only  encouraged  his  residents  to  become  productive  but  helped  secure 
the  necessary  facilities  for  their  research  and  advancement.  Dr.  Kramer  leaves 
his  mark  as  a  physician  who  made  pioneer  contributions  to  his  specialty,  aided 
his  students  immeasurably  and  whose  integrity  and  modesty  inspired  all  who 
knew  him. 

M.  L.  SOM,  M.D. 

for  the 
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1884-1964 


3n  iilemoriam 

llAltOLD  NFAJHOF 
1884-1904 

Dr.  Harold  Neuliof,  Consultant  Surgeon  and  Diicctoi-  I'jnciit us  ol  tlic  De- 
partment of  Sui'<;('rv  at  The  Mount  Sinai  Hospital,  died  in  Tucson,  Arizona,  on 
January  7,  19(54,  of  injuries  received  in  an  automobile  accident  the  jirtH-eding 
day.  He  was  in  his  eightieth  year.  His  j^assing  was  indeed  untimely,  foi-,  des|)ite 
his  years,  he  had  remained  the  same  dynamic  personality  we  all  knew. 

Harold  Neuhof  reci'i\('d  his  medical  degree  fiom  the  College  of  Physicians 
and  Surgeons  of  Columbia  University  in  1905,  at  which  time  lie  began  his  pro- 
fessional career  at  Mount  Sinai.  During  the  four  years  of  his  internshii)  and  his 
residency  in  the  Private  Pavilion,  he  had  two  of  the  greatest  surgeons  of  that 
era  as  preceptors,  namely.  Dr.  Arpad  Gerster  and  Dr.  Howard  Lilienthal. 

He  received  an  appointment  to  the  P  &  S  Division  of  the  Surgical  Service  at 
Bellcvue  Hospital  in  191U.  In  \\'orld  War  I,  he  served  overseas  with  the  Presby- 
terian Hospital  Unit.  Base  Hospital  2,  and  it  was  dui'ing  that  jx'riod  that 
Harold  became  inteiested  in  the  field  of  neurosurgery.  Upon  his  return  to 
civilian  life,  he  was  appointed  Associate  Surgeon  at  Mount  Sinai  on  the  service 
of  Dr.  Charles  A.  Elsberg.  He  soon  realized,  however,  that  thoracic  surgery 
was  his  metiei'  and,  when  Doctor  Lilienthal  retired,  Harold  was  placed  in 
charge  of  the  i)atients  ie(iuiring  thoracic  surgery.  He  was  appointed  Surgeon  to 
the  Hospital  in  1930,  which  rank  he  held  until  1946,  when  he  was  api)ointed 
Consultant  Surgeon. 

Harold  was  also  a  meml)er  of  the  Neurosurgical  Service  at  Montefiore  Hos- 
])ital  from  1913  to  1923,  at  which  time  he  was  appointed  Attending  Surgeon 
and  Chief  of  the  Surgical  Division.  He  resigned  from  Montefiore  in  1932,  after 
having  estai)lished  the  Tlioi'acic  Surgical  Service,  and  was  then  appointed  Con- 
sultant Surgeon. 

At  the  age  of  sixty-two  years,  upon  his  retirement  from  The  ]Mount  Sinai 
Hospital,  Harold  was  invited  to  become  Director  of  the  Division  of  Surgery 
at  the  Beth-El  Hospital  (now  the  Brookdale  Medical  Center  I  in  Biooklyn. 
and  to  I'eorganize  the  dei)artment.  He  retired  from  that  position  when  he 
reached  the  age  of  seventy-five  years,  but  he  continued  there  in  research  and 
was  preparing  a  clinical  project  for  the  prevention  of  postojiei  ative  thrombosis 
and  embolization  by  the  administration  of  minimal  doses  of  anticoagulants. 

Present-day  surgical  j)rogress  has  proved  that  Harold  Neuhof  was  many 
decades  "ahead  of  his  time."  In  a  monograph  entitled  "The  Transplantation  of 
Tissues,"  published  in  1923,  he  described  an  operation  he  had  i)erformed  in  1917 
— the  transplantation  of  the  kidney  of  a  lamb  into  a  woman  whose  kidnevs  had 
been  rendered  functionless  by  bichloride  of  mercury,  and  who  sur\i\('d  the 
operation  for  five  days. 

At  Mount  Sinai,  he  develo])ed  one  of  the  most  outstanding  thoracic  suigical 
services  in  the  country.  In  collaboration  with  his  co-workers,  an  entiri'ly  new 
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concept  of  abscess  of  the  lung  was  foi'iiiulated.  Their  contributions  con- 
cerning the  etiology,  bacteriology,  pathologic  anatomy,  roentgenographic  fea- 
tures, clinical  course,  and  surgical  treatment  of  putrid  lung  abscess  formed 
the  basis  for  a  universal  unilerstanding  of  a  new  symptom  complex. 

There  was  no  asjiect  of  thoracic  surgery  in  which  Harold  was  not  interested 
and.  being  a  most  prolific  writer,  his  many  contributions  to  the  literature  on 
carcinoma  of  the  lung,  mediastinitis,  and  thrombophlebitis,  as  well  as  those  on 
pulmonary  suppuration,  covered  the  entire  field. 

His  creative  mind  incessantly  developed  ideas  which  inspired  his  co-workers, 
and  his  enthusiasm,  zeal,  and  inexhaustible  energy  constantly  evoked  wonder- 
ment and  admiration.  He  was  a  hard  taskmaster,  yet  never  would  he  ask  any- 
one to  do  that  which  he,  himself,  would  not  do.  The  profound  interest  he  evinced 
in  the  professional  development  and  growth  of  the  members  of  his  staff  was 
only  one  of  the  many  qualities  that  constituted  the  measure  of  the  man  and 
endeared  him  to  the  younger  surgeons. 

Dr.  Harold  Neuhof  was  a  founder  member  of  the  American  Board  of  Surgery 
and  of  the  American  Board  of  Thoracic  Surgery.  He  was  a  Fellow  of  the  New 
York  Academy  of  Medicine  and  of  the  American  College  of  Surgeons,  as  well  as 
a  member  of  the  American  Association  for  Thoracic  Surgery,  the  American  Sur- 
gical Association,  the  New  York  Surgical  Society,  the  New  York  Society  for 
Thoracic  Surgery,  and  of  the  New  York  Society  for  Cardiovascular  Surgery.  He 
was  Clinical  Professor  of  Surgery  at  Columbia  University. 

We  condole  with  his  widow,  Olga,  and  his  children,  Marion,  Marcus,  and 
Joan,  on  his  sudden  passing  and  we  express  to  them  our  heartfelt  sympathy. 
May  they  find  solace  in  the  knowledge  that  he  was  blessed  to  continue  his 
professional  activities  to  the  end,  his  fourscore  years  replete  with  scientific 
achievements;  and  above  all,  that  he  had  the  undying  affection  of  his  staff 
and  of  his  many  colleagues  to  whom  the  memory  of  "Skippy"  will  always  be 
a  source  of  inspiration. 

"The  rung  of  a  ladder  was  never 
meant  to  rest  upon,  but  only  to 
hold  a  man's  foot  long  enough 
to  enable  him  to  put  the  other 
somewhat  higher." 

Arthur  S.  W.  Touroff,  M.D. 
Abthtr  H.  Aufses,  M.D. 
jor  the 
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INTRODUCTION 

The  liiant  Antaeus  constantly  renewed  lii.s  stren<rth  l)y  contact  witli  the 
eai-th.  In  the  same  way  we  pliysicians  reinvigorate  ourselves  fi'oni  time  to  time 
by  recourse  to  chemistry,  or  physics,  oi'  physiology,  or  pathology.  Thcichy, 
like  the  fabled  giant,  we  "keej)  our  feet  on  the  gi'ound." 

But  more  fundamental  than  any  branch  of  knowledge  is  an  attitude  of  mind 
which  we  must  constantly  keep  in  the  pi'inie  of  cultivation  lest  the  weeds  and 
thistles  of  indolence  overgrow  the  ground.  The  attitude  to  be  desired  is  a  com- 
|)le\  one,  in  which  we  can  readily  isolate  two  components,  viz.,  a  receptivity  to 
new  ideas  and  the  capacity  to  make  fresh  observations.  It  is  the  latter — obser- 
vation— to  which  this  symposium  is  dedicated. 

The  collection  of  essays  herewith  set  before  you  has  been  designed  for  the 
l)hysician.  Chapters  have  been  reciuested  from  clinicians,  laboratory  scientists, 
and  historians,  all  of  whom  offer  their  best  thoughts,  which  are  the  product  of 
minds  sharpened  by  thought  and  experience. 

It  will  be  noticed,  es|)ecially  in  the  essays  contributed  by  clinicians,  that  a 
degree  of  overlap  exists  in  the  scope  of  discussion.  This  has  been  done  deliber- 
ately, since  experience  is  cunuilative  and  the  experience  of  reading  a  series  of 
clinical  writers  cannot  fail  to  be  beneficial  to  the  attentive  reader. 

Literature  is  one  of  man's  blessed  tools.  We  hope  that  this  symposium  will 
serve  you  well. 

Saul  Jarcho,  M.D. 
Guest  Editor 

The  Mount  Sinai  Hospital 
New  York,  July,  1964 
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The  Ext'r<'isc  of  Ol)>s«'rvation  in  Forensic*  Medicine 


MILTON  HELPERN,  AI  D.* 
Ncir  York,  N.  Y. 

Sudden,  sui^jiicious  and  violent  death  is  a  subject  for  official  investigation  in 
the  United  States.  As  in  Great  Britain  and  throughout  the  British  Common- 
wealth and  the  countries  which  formerly  were  part  of  it,  it  constitutes  the  only 
medical  problem  entirely  under  official  jurisdiction.  The  fatal  categories  have 
been  exi)anded  to  include  unexpected  deaths  of  persons  in  apparent  health, 
those  in  which  there  is  a  suspicion  of  violence,  fatal  poisonings,  deaths  of 
persons  in  legal  custody,  deaths  from  abortion  and  those  occurring  under  un- 
usual circumstances.  In  accordance  with  the  statute  and  l)y  long  accepted  prac- 
tice in  the  City  of  New  York,  any  death  in  which  a  traumatic  injury  or 
poisoning  is  a  possible  partial  causative  factor  must  be  officially  investigated 
whether  the  traumatic  component  is  the  result  of  criminal  assault,  accident  or 
suicidal  attempt,  any  of  which  may  have  legal  implications.  The  broad  pro- 
visions of  the  medical  examiner's  law  were  established  to  ensure  the  official 
determination  of  the  cause  of  all  deaths  which  are  of  immediate  concern  to  the 
community,  the  relatives  of  the  deceased  person,  and  the  law  enforcement 
agencies,  and  are  imjwi'tant  for  the  proper  administration  of  justice. 

New  York  City  also  provides  an  additional  safeguard  to  ensure  the  official 
investigation  of  all  deaths  requiring  it  by  the  simple  procedure  of  screening 
every  death  certificate  by  the  Burial  Permit  Division  of  the  Department  of 
Health  before  the  body  of  any  deceased  person  who  was  under  medical  care 
and  died  in  the  home  or  in  the  hospital  can  be  removed  from  the  place  of 
death.  Such  screening  assures  the  reporting  to  the  medical  examiner's  office  of 
those  deaths  in  which  the  attending  physician  does  not  appreciate  the  need 
for  referral.  Most  physicians,  whether  in  private  or  hospital  practice,  have 
relatively  few  fatalities  among  their  patients.  These  may  occur  at  long  intei- 
vals  of  time  during  which  the  physician  may  forget  the  variety  of  deaths  that 
are  reportable  for  official  investigation.  Without  any  ulterior  purpose  he  may 
inadvertently  fail  to  report  to  the  medical  examiner  a  death  in  which  there 
was  a  definite  or  possible  traumatic  component. 

In  New  York  City  deaths  caused  by  chronic  as  well  as  acute  poisoning  of 
one  type  or  another,  including  the  effects  of  alcoholism  and  those  associated 
with  addiction  to  drugs,  and  unexpected  deaths  during  diagnostic,  therapeutic, 
surgical  and  anesthetic  procedures  sometimes  designated  euphemistically  as 
therapeutic  misadventures,  are  all  reportable.  The  Medical  Examiner's  Office 
now  investigates  30,000  of  the  approximately  90,000  deaths  occurring  in  the 
city  each  year.  Of  these  approximately  4,000  are  inquired  into  and  then  re- 
ferred back  to  the  attending  physician  for  certification  as  deaths  from  natural 

*  Chief  Medical  Examiner,  City  of  New  York.  Professor  and  Chairman,  Department  of 
Forensic  Medicine,  New  York  University  Schools  of  Medicine. 
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causes.  Investigation  of  creniation  ro(]uests  already  ccrtifiefl  accounts  I'or  3,000 
cases.  In  the  remaining  23,000  cases  the  scene  of  death  is  investigated  ;ind  the 
body  examined  there  by  a  medical  examiner  or  medical  investigator,  wlio  must 
decide  from  the  circumstances  whether  or  not  an  autopsy  and  other  related 
examinations  are  indicated  to  establish  definitely  the  cause  of  death  and  other 
findings,  or  that  the  death  can  be  certified  from  the  circumstances  and  external 
examination  of  the  body  without  autopsy.  When  an  autopsy  is  considered 
necessary  it  must  be  performed  by  a  medical  examiner  who  by  law  is  required 
to  be  a  skilled  pathologist  and  microscopist.  In  recent  years  the  law  has  l)een 
amended  to  require  the  medical  examiner  to  include  necessary  histologic, 
toxicologic,  serologic  and  microbiologic  examinations  in  order  to  determine 
the  cause  of  death  more  accurately  and  to  establish  other  findings  relevant 
to  issues  which  may  subsequently  arise  in  the  development  of  the  case.  When 
there  is  indication  or  suspicion  of  criminal  violence,  the  autopsy  must  be  wit- 
nessed by  at  least  one  other  medical  examiner. 

The  determination  of  the  cause  of  death  is  perhaps  the  most  important  but 
not  the  only  purpose  of  the  post  mortem  investigation  and  autopsy.  It  may  be 
obviously  simple  but  in  numerous  cases  it  is  dependent  as  much  if  not  more  so 
on  a  careful  consideration  of  the  cii'cumstances  determined  from  the  investiga- 
tion before  and  sometimes  after  the  autopsy.  It  should  be  evident  that  the  in- 
vestigations and  autopsy  must  be  carried  out  with  reasonable  promptness  if  a 
death  is  to  be  fully  resolved.  Wlien  correlation  of  circumstances  and  autopsy 
observations  have  produced  an  answer  requiring  action,  it  is  not  sufficient  for 
a  medical  examiner  quietly  and  passively  to  certify  the  cause  of  death  for  ref- 
erence and  statistical  analysis.  It  is  of  the  utmost  importance  that  he  alert 
other  appropriate  investigative  and  corrective  agencies  and  provide  them  with 
the  information.  Medical  examiner's  findings  and  conclusions  are  of  imme- 
diate significance  to  the  community  and  cannot  be  passed  off  politely  as  merely 
interesting  or  unusual  without  communication.  More  of  the  medieval  "hue  and 
cry"  are  needed. 

The  processes  of  observation  in  forensic  medicine  have  many  ramifications 
and  give  rise  to  many  problems.  It  is  rather  remarkable  that  in  some  instances 
the  pathologist  observes  and  describes  the  findings  of  an  autopsy  correctly  but 
completely  misinterprets  what  he  sees,  with  resultant  serious  error  in  his  con- 
clusion. This  is  exemplified  in  the  following  case  from  another  jurisdiction. 

A  50  year  old  man  who  was  employed  as  a  parking-lot  attendant  awoke  one 
morning  with  abdominal  cramps  and  diarrhea.  He  did  not  feel  ill  enough  to 
remain  at  liome  Init  insisted  on  going  to  work.  His  wife  called  a  physician, 
who  prescribed  bismuth  subcarbonate  and  Kaopectate  which  he  picked  up  at 
the  neighl)orhood  i)harmacy  on  the  way  to  work.  Shortly  after  arriving  there 
he  drank  a  mouthful  of  each  medication.  Instead  of  being  relieved  his  symp- 
toms became  much  worse  and  he  then  returned  home.  His  wife,  who  had  been 
a  trained  nurse,  recognized  the  seriousness  of  his  illness  and  again  called  the 
physician,  who  arranged  for  his  admission  to  the  local  hospital.  There  his  con- 
dition rapidly  worsened;  vomiting,  increasingly  severe  diarrhea,  abdominal 
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pain  and  shock  supervened.  Death  occurred  several  hours  after  admission. 
The  liospital  asked  and  received  consent  for  an  autop.-^y  from  the  wife  and 
thi>  was  peii'(ii-nu'(l  hy  the  h()sj)ital  pathologist,  who  noted  and  accurately 
descrilx'd  an  acutely  reddened  and  hemori-hagic  gastric  mucosa  with  evidence 
of  irritation  in  the  intestinal  tract,  and  marked  pulmonary  congestion  and 
edema  with  congestion  of  the  remaining  organs.  Microscopic  examination  of 
the  tissues  confirmed  the  gross  findings  but  desjjite  the  fact  that  no  primary 
anatomical  cause  of  death  was  recognized,  the  death  was  certified  as  having 
resulted  fiom  "idiopathic  pulmonary  edema."  No  other  examinations  were 
made  in  connection  with  the  autojisy.  As  is  often  the  case,  the  impressive  word, 
"idiopathic"  resulted  in  the  death  certificate  being  approved  and  the  death 
being  considered  natural.  The  death  was  not  rej)orte(l  for  official  investigation. 

In  all  ])robal)ility  the  true  cause  of  death  in  this  case  would  never  have  been 
discovered  had  it  not  been  for  the  fact  that  the  widow  several  weeks  later 
called  at  the  hospital  for  her  deceased  husband's  clothing.  Had  she  donated 
the  clothes  to  charity,  as  is  often  done  in  such  ca.ses,  or  ordered  them  destroyed 
without  examining  them,  the  case  would  not  have  been  solved.  She  took  the 
clotlu's  and  on  going  thi'ough  tlie  pockets  found  the  two  bottles  of  medicine. 
It  then  occurred  to  her  that  her  husband  had  become  worse  instead  of  better 
after  taking  .<ome  of  each  drug.  She  requested  the  state  laboratory  to  examine 
the  contents  of  the  bottles  and  to  everyone's  surprise  the  bottle  labeled  bismuth 
subcarl)onate  was  found  to  contain  a  mixture  of  50  per  cent  sodium  fluoiid(> 
and  50  per  cent  bismuth  subcarbonate. 

At  first  there  was  suspicion  that  the  widow  had  tam])ered  with  the  bottles. 
Unknown  to  her  the  authorities  obtained  a  ju'escription  for  similar  medications 
which  were  filled  at  the  same  pharmacy.  Again,  to  everyone's  astonishment, 
the  newly  prescribed  bottle  of  bismuth  subcarbonate  was  found  to  contain 
50  per  cent  of  sodium  fluoride.  The  pharmacy  was  then  investigated.  It  was 
learned  that  the  owner  had  only  recently  purchased  the  establishment  and  was 
dispensing  bisnuith  subcarbonate  from  a  supply  in  an  old  apothecary  jar 
bearing  that  label.  When  the  jar's  contents  were  analyzed  they  were  found 
to  contain  50  ]ier  cent  sodimn  fluoride.  How  and  when  this  contamination 
occurred  was  ne\  er  determined.  A  $10,000  life  insurance  policy  with  a  $10,000 
double  indenmity  ])rovision  was  paid  to  the  widow  when  the  facts  were  re- 
\ealed.  Even  though  there  was  no  chemical  corroboration  of  the  autopsy 
findings,  the  circumstances,  clinical  history  and  gross  appearance  of  the  stom- 
ach at  autop.sy  were  entirely  consistent  with  acute  fluoride  ]ioisoning  which 
the  pathologist  had  failed  to  recognize  as  a  possil)ility.  The  conspicuously  in- 
tense pulmonary  congestion  and  edema  are  commonly  observed  in  such  acute 
poisonings.  They  are  a  secondary  phenomenon  associated  with  shock  anfl  not 
a  ]irimary  disease. 

A  common  source  of  error  during  the  performance  of  a  forensic  autopsy  is 
the  failure  to  examine  carefully  and  completely  all  parts  of  the  body  for  mi- 
nute wounds  which  are  not  in  themselves  a  cause  of  death  but  indicators  of  the 
violent  mechanism  by  which  death  occurred.  The  search  for  such  injuries  will 
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\)v  jiuidcd  by  the  circuiiistaiiccs  \iiulor  wliich  dcjitli  occurred.  Those  cii'cuin- 
stances  can  iievci-  lie  disre^aided  and  it  is  only  by  their  eonsidei'ation  that 
deaths  IVoin  eh'cl  I'ociit  ion  with  low  Icnsion  cui-i'cnls  will  be  i'cc()<j;nized.  I'^lec- 
tricul  burns  or  current  marks  repicsi'iiting  sites  of  contact  with  eleetrocutinp; 
.sources  of  current  may  be  extremely  small  and  located  on  portions  of  the 
hands  or  feet  oi'  othei'  parts  of  the  body  in  such  a  way  as  to  escai)e  detec- 
tion unless  specially  looked  for.  In  some  instances  and  under  certain  conditions 
electrocution  by  low  tension  currents  can  take  place  without  any  external  buin 
representin<2;  a  |)oinl  of  electrical  contact.  Whether  or  not  an  electrical  bnrn 
occurs  on  the  skin  depends  upon  the  site  through  which  the  current  enters  the 
body  antl  on  local  conditions  that  affect  and  diminish  the  resistance  of  the  skin 
where  contact  is  made.  Tlie  local  burn  is  determined  by  the  wattage,  which  is 
the  sciuare  of  the  intensity  or  amj)erage  of  the  current  multiplied  by  the  re- 
sistance. Thus  an  electrocuting  current  conducted  over  a  w'ide  surface  may 
traverse  the  body  without  the  pi'oduction  of  sufficient  wattage  to  cause  a  bui'n 
in  any  localized  area.  In  ai)proximately  one-third  of  the  cases  of  accidental 
electrocution  by  low  tension  current  electrical  burns  are  not  encountered  and 
the  cause  of  death  can  only  be  determined  by  a  consideration  of  the  circum- 
stances at  the  scene  of  death  in  conjunction  with  the  autojisy  findings.  The 
danger  of  misinterpreting  such  cases  ari.ses  from  failure  to  investigate  ade- 
quately the  circumstances  at  the  scene  of  death  with  facilities  for  the  reliable 
testing  of  the  electrical  equi])ment  in  question.  The  manner  of  death  in  its 
rapidity  can  closely  simulate  death  from  occlusive  coronary  artery  disease 
except  that  the  victim  of  electrocution  is  apt  to  cry  out.  When  one  considers 
that  he  may  be  a  man  of  middle  age  with  a  history  of  coronary  artery  dis- 
ease, or  may  present  at  autopsy  the  evidences  of  unsuspected  previously  silent 
substantial  occlusive  coronary  artery  disease,  one  can  appreciate  how  easily 
a  misleading  history  or  even  the  demonstration  of  severe  coronary  artery  dis- 
ease at  autopsy  can  lead  to  the  erroneous  conclusion  that  death  occurred  from 
heart  disease  and  not  from  electrical  shock.  In  such  cases,  one  has  to  resist 
pressures  from  family  and  fi'iends  to  certify  the  cause  of  death  without  autopsy 
as  occlusive  coronary  arteriosclerosis  on  the  basis  of  the  prior  history  or  age 
of  the  deceased  and  the  frequency  of  fatal  coronary  artery  disease  in  that  age 
group. 

An  analogous  situation  is  commonly  encountered  in  sudden  and  sometimes 
almost  instantaneous  deaths  of  middle-aged  and  elderly  persons  in  whom  there 
is  a  reliable  or  even  spurious  history  of  coronary  artery  disease  offered  to  in- 
fluence the  medical  examiner  to  certify  the  death  as  natural  without  autopsy. 
When  such  apparently  natural  sudden  deaths  occur  during  the  partaking  of 
a  meal  in  company,  the  witnesses  eating  at  the  same  table  with  the  deceased 
are  usually  unaware  of  what  has  happened  and  may  wdth  good  intention  pro- 
vide a  history  of  coronary  artery  disease  in  the  deceased.  It  is  best  to  perform 
an  autopsy  in  all  such  cases,  not  the  kind  that  takes  the  forensic  pathologist 
exclusively  to  the  heart  to  provide  anatomical  evidence  to  confirm  that  the 
deceased  had  coronary  artery  disease.  It  is  important  in  such  ca,ses  to  carry 
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out  a  complete  autoi)8y  which  must  include  the  throat  and  a  careful  search 
for  an  obstructing  foreign  body,  namely  a  bolus  of  food,  such  as  a  piece  of 
steak  or  turkey,  or  lobster  tail  or  clam  impacted  in  or  above  the  larynx  com- 
pletely blocking  the  airway.  The  symptoms  and  signs  manifested  by  a  person 
choking  to  death  on  a  bolus  of  food  can  be  identical  with  those  encountered  in 
a  death  from  occlusive  coronary  arteriosclerosis.  The  victim  may  become 
cyanotic  or  he  may  become  pale.  Systematic  and  thorough  observation  at 
autojjsy  in  this  type  of  case  will  easily  demonstrate  death  by  choking,  an 
occurrence  not  uncommon  but  often  unrecognized  because  of  inadequate  i)Ost 
mortem  investigation. 

Most  lay  people  and  many  jihysicians  are  of  the  ojHnion  that  in  every  case 
the  cause  of  death  can  readily  be  determined  merely  by  the  performance  of 
a  complete  autopsy,  and  that  this  procedure  more  or  less  automatically  pro- 
vides the  answer.  In  fact  there  are  pathologists  who  perform  forensic  autop- 
sies without  taking  the  trouble  to  find  out  the  circumstances  of  the  death. 
There  are  many  instances  which  illustrate  the  serious  errors  in  interpretation 
that  can  occur  when  conclusions  are  based  solely  on  observations  in  the  dead 
body.  An  autopsy  may  reveal  essentially  negative  findings  which  become 
meaningful  for  the  determination  of  the  cause  of  death  only  when  considered 
with  the  history,  as  in  deaths  from  epilepsy.  In  other  cases,  substantial  patho- 
logical findings  are  encountered  that  are  entirely  misleading  and  have  no  re- 
lationship whatever  to  the  cause  of  death.  This  is  particularly  true  in  cases  in 
which  a  severe  grade  of  occlusive  coronary  arteriosclerosis  is  discovered  as  an 
apparent  cause  of  death  and  the  real  cause  of  death  remains  undiscovered. 
Similarly,  a  significant  segmental  occlusion  of  a  coronary  artery  or  other  more 
or  less  subtle  natural  or  traumatic  cause  of  death  may  be  overlooked  and  the 
toxicologist  harassed  for  failing  to  discover  a  non-existent  poison.  Errors 
occur  in  both  situations  when  history  and  circumstances  are  disregarded  and 
the  autopsy  is  not  completely  and  skillfully  performed.  In  many  cases,  the 
autopsy  alone  is  sufficient  to  disclose  an  obvious  unequivocal  cause  of  death. 

Electrocution  and  choking  on  a  bolus  of  food  are  not  evident  until  care- 
fully looked  for.  Rapid  deaths  occurring  from  high  cervical  spine  fractures 
with  injuries  of  the  spinal  cord  are  not  discovered  by  the  pathologist  who  fails 
to  look  for  such  injuries  because  the  case  is  not  labeled  as  such.  Although  oc- 
clusive coronary  arteriosclerosis  is  the  most  connnon  cause  of  sudden  and  un- 
expected natural  death  in  middle-aged  persons,  such  deaths  are  readily  sim- 
ulated by  traumatic  or  unnatural  causes  of  death,  three  of  which  have  already 
been  mentioned.  It  is  sometimes  difficult  for  the  medical  examiner  to  re- 
sist the  pressures  against  the  performance  of  an  official  a\itopsy  brought  to 
bear  by  relatives  of  the  deceased  in  apparently  natural  and  nonsuspicious 
deaths  in  which  there  is  a  more  or  less  documented  history  of  heart  disease 
and  he  is  not  infrequently  threatened  with  a  damage  suit  for  exceeding  his 
legal  autliority  in  selecting  such  a  case  for  autopsy.  But  unsuspected  traumatic 
injury  or  poisoning  have  been  revealed  so  many  times  as  a  cause  of  death 
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that  the  forensic  pathologist  cannot  I'isk  overlooking  them  by   \\\\uv:  the 

auto])sy  on  tlie  basis  of  circumstances,  history  and  threats. 

Although  most  families  are  reasonable  and  appreciate  the  reasons  for  the 
performance  of  autopsies,  there  are  some  memorable  exceptions.  A  case  in  point 
is  that  of  an  elderly  woman  who  liad  taken  a  taxicab  to  the  Waldorf-Astoria 
Hotel.  When  the  cab  i)ullcd  up  at  the  hotel  the  driver  turned  around  and  found 
the  passenger  unresponsive  on  the  floor,  where  she  was  pronounced  dead.  The 
body  was  then  taken  to  the  Medical  Examiner's  Office.  Because  of  the  cir- 
cumstances it  was  considered  necessary  that  the  cause  of  death  be  determined 
by  autopsy.  One  might  add  parenthetically  that  under  other  circumstances,  a 
person  of  similar  age  dying  suddenly  in  the  presence  of  witnesses  while  seated 
in  a  chair,  without  the  possibility  of  traumatic  injury,  might  have  her  death 
certified  as  having  resulted  from  natural  causes  without  the  necessity  of  hav- 
ing the  precise  cause  of  death  determined  by  autopsy.  Such  deaths  are  certi- 
fied eveiy  day  on  investigation  and  examination  of  the  body  without  autopsy ; 
but  unexpected  death  on  the  floor  of  a  taxicab  in  the  absence  of  witnesses 
provides  an  unusual  set  of  circumstances  with  possibilities  other  than  natural 
disease  as  the  cause  of  death. 

The  next  day  representatives  of  the  family,  including  a  lawyer,  called  to 
say  that  the  deceased  had  been  suffering  from  severe  hypertension,  arterioscle- 
rosis, arthritis  and  a  number  of  other  comj:)laints  and  that  the  family  were  very 
much  opposed  to  an  autopsy  which  they  considered  entirely  unnecessary  be- 
cause of  the  age  of  the  deceased,  prior  history  of  illness  and  absence  of  external 
signs  of  injury.  The  lawyer  threatened  a  civil  suit  against  the  medical 
examiner.  The  possibility  of  a  suit  was  considered  an  occupational  hazard. 
Despite  the  threats,  the  autopsy  was  performed  and  revealed  a  markedly  en- 
larged heart,  severe  coronary  and  generalized  arteriosclerosis  and  osteo- 
arthritis. Had  these  diseases  been  the  only  findings,  it  is  very  likely  that  the 
medical  examiner  would  have  been  sued  for  having  acted  in  an  arbitrary 
manner  and  exceeding  his  authority.  Fortunately,  such  a  suit  did  not  materi- 
alize for  the  examination  of  the  cervical  spine  disclosed  that  the  deceased  had 
died  as  the  result  of  a  fracture  of  the  odontoid  process  of  the  axis  and  crushing 
of  the  corresponding  segment  of  the  spinal  cord.  Two  years  later  the  same 
lawyer  called  the  medical  examiner  to  say  that  a  subpoena  for  his  appearance 
in  court  in  a  civil  suit  against  the  taxicab  owner  was  being  served  him  in 
connection  with  the  death.  Wlien  asked  whether  he  was  the  same  lawyer  who 
had  threatened  to  sue  the  medical  examiner  for  an  unnecessary  autopsy  on  the 
body  of  a  sick,  elderly  lady,  he  sheepishly  replied,  "Don't  rub  it  in." 

The  medical  examiner  in  addition  to  investigating  the  circumstances  at  the 
scene  of  death  also  has  the  responsibility  of  deciding  that  an  autopsy  is  nec- 
essary as  part  of  the  post  mortem  examination  and  also  the  responsibility  of 
performing  it.  If,  based  on  his  experience  and  the  circumstances  of  the  case  he 
so  decides,  he  should  carefully  perform  the  autoi)sy  and  resist  pressures  to  the 
contrary  regardless  of  how  obvious  or  apparent  the  cause  of  death  may  be. 
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He  cannot  rationalize  Ins  laihu'c  to  perform  an  antopsy  whicli  i.s  indicated  for 
good  reasons  on  the  basis  of  objection  fioni  the  next  of  kin.  The  responsibility 
is  the  medical  examiner's  and  he  cannot  alxlicate  it  because  of  family  objection 
in  a  case  with  a  bona  fide  indication  for  autopsy. 

On  the  other  hand,  there  are  cases  in  which  it  might  be  considered  un- 
reasonable and  arl)itraiy  for  the  medical  examiner  to  do  an  official  autopsy 
to  which  the  next  of  kin  art'  strongly  opi)osed.  The  best  example  of  this  situa- 
tion is  that  of  the  elderly  i)erson  who  falls  at  home  or  elsewhere  as  the  result 
of  some  slight  accident  or  bodily  infirmity,  sustains  a  fractured  hip,  which 
injury  despite  repair  is  followed  by  a  series  of  comi)lications  more  natural 
than  traumatic  on  the  basis  of  prior  disease,  and  eventually  dies  of  a  combina- 
tion of  disease  and  traumatic  injury.  Such  deaths  are  reportable  to  the  medical 
examiner  and  must  be  certified  by  him  because  of  the  fracture  component  in 
the  cause  of  death ;  yet  it  would  be  arbitrary  to  order  an  autopsy  in  such  a 
case  against  the  wishes  of  the  family.  But  in  the  event  the  family  ref^uests  the 
autopsy,  or  does  not  object  to  its  performance,  then  it  should  be  and  usually 
is  performed  for  its  medical  interest  and  value.  In  such  cases,  when  death 
occurs  in  the  hospital  and  permission  is  ol)tained  for  autoi)sy  from  the  next  of 
kin,  and  there  are  facilities  for  its  performance  in  the  hospital  by  a  qualified 
pathologist,  it  is  permissible  for  such  an  autopsy  to  be  done  in  the  hospital 
under  supervision  of  the  medical  examiner  who  is  responsible  for  the  i)ost 
mortem  examination  and  for  certification  of  the  cause  of  death  whether  an 
autoj^sy  is  or  is  not  performed. 

A  poorly  performed  forensic  autopsy  is  worse  than  no  autopsy  at  all.  For  in 
the  latter  instance  one  knows  he  doesn't  know  the  answer  and  appreciates  the 
limitations  of  the  knowledge  on  which  his  conclusions  as  to  the  cause  of  death 
are  based.  In  the  former  instance  the  autopsy  is  assumed  to  have  provided  the 
basis  for  a  correct  answer,  which  it  hasn't,  and  there  exists  the  impression  that 
the  cause  of  death  has  been  accurately  determined.  In  other  words,  one  doesn't 
know  he  doesn't  know,  a  situation  of  concealed  ignorance  fraught  with  all  sorts 
of  dangerous  possibilities. 

Some  years  ago  I  was  asked  to  review  a  case  involving  the  death  of  a 
high-level  economist  in  the  employ  of  the  United  States  government.  The 
deceased  was  a  man  of  middle  age  who  had  been  assigned  to  an  important  post 
in  the  Far  East  as  head  of  an  Advisory  Commission.  His  wife  was  along  with 
him  on  this  trip.  After  a  period  of  time  he  seemed  to  lose  interest  in  his  work 
and  one  morning  he  was  found  unconscious  and  could  not  be  aroused.  Cir- 
cumstances suggested  that  he  had  taken  an  overdose  of  barbiturates.  He  was 
taken  to  the  local  hospital  where  his  stomach  was  washed  out  and  he  made  a 
fairly  rajnd  recovery.  When  asked  why  he  had  taken  the  medication  in  excess, 
he  did  not  deny  having  done  so.  This  was  taken  as  a  tacit  admission  of  his 
having  taken  the  suspected  overdose  for  which  he  was  treated. 

On  recovering  from  this  incident  he  and  his  wife  returned  to  this  country. 
He  underwent  a  physical  examination  which  did  not  disclose  any  organic  disease. 
Some  months  later  the  deceased  was  reassigned  to  the  same  post,  but  this  time 
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he  iiuulf  tlic  ti'ip  without  his  wife.  The  suiiie  cycle  of  events  oecuiicd.  After  :i 
period  of  responsible  activity  he  again  began  to  h)se  interest  and  reinnined 
away  from  important  meetings  to  which  he  sent  liis  subordinates  instead.  His 
loss  of  interest  and  withdrawal  became  more  marked.  One  afternoon  he  re- 
tuined  home  in  the  middle  of  the  day,  to  the  great  concern  of  his  associates 
who  visited  him  later  in  the  evening  of  the  same  day.  He  ate  little  that  night, 
had  several  drinks  and  retired  to  bed.  In  the  morning  his  servant  was  unable  to 
rouse  him.  The  circumstances  were  entirely  similar  to  those  in  the  previous  in- 
cident. An  empty  bottle  that  had  contained  barbiturates  was  again  found 
alongside  the  bed.  He  was  removed  to  the  hospital  unconscious  and  placed 
under  the  care  of  the  same  physician  who  administered  the  same  treatment 
whicli  liad  been  successful  on  the  previous  occasion  but  this  time  proved  a 
failure.  The  treating  physician,  on  the  basis  of  the  circumstances  and  previous 
admission,  certified  the  death  as  having  resulted  from  acute  barbiturate  in- 
toxication. A  pathologist  was  not  available  and  an  autopsy  was  not  pcv- 
formed 

The  body  was  then  embalmed  and  shipped  by  air  from  this  far-off  island 
to  this  country  where  the  deceased's  wife  arranged  for  an  autopsy  to  be  done 
l)y  a  private  pathologist  who  evidently  had  not  been  informed  and  did  not 
take  the  trouble  to  find  out  the  circumstances  surrounding  the  death  and  the 
history  of  the  prior  incident  of  unconsciousness  and  recovery.  The  autopsy 
was  confined  to  the  body  and  the  report  described  a  "thrombosis  of  the  superior 
mesenteric  vein"  although  there  were  no  associated  changes  of  hemorrhagic  in- 
farction in  the  small  intestine  such  as  one  would  expect  if  there  had  been  an 
tmtemortem  thrombosis  of  the  vein  in  cjuestion.  Nevertheless,  death  was 
attributed  to  that  finding.  The  organs  of  the  neck  were  not  examined,  nor  was 
the  brain  removed  for  examination  and  chemical  analysis.  Despite  the  cir- 
cumstances and  the  cause  of  death  previously  certified  on  the  basis  of  the 
history  and  clinical  findings,  there  was  no  attempt  to  determine  whether  an 
overdose  of  barbiturates  had  been  ingested. 

The  widow  sent  the  report  of  the  incomplete  autopsy  of  the  embalmed  body 
and  opinion  of  the  cause  of  death  to  the  treating  doctor  who  had  originally 
certified  the  cause  of  death  on  the  far-away  island.  On  being  advised  about 
the  new  conclusion  after  autopsy  that  death  had  resulted  from  thrombosis  of 
the  superior  mesenteric  vein,  he  deferred  to  the  pathologist  and  issued  another 
death  certificate  bearing  the  revised  cause  of  death.  As  soon  as  the  widow  re- 
ceived this  new  certificate,  she  immediately  brought  suit  against  the  govern- 
ment for  malpractice,  claiming  that  the  treatment  given,  namely,  gastric 
lavage,  was  highly  improper  for  thrombosis  of  the  superior  mesenteric  vein! 

This  case  is  an  excellent  illustration  of  how  an  incomplete  autopsy  performed 
in  total  disregard  of  the  circumstances  and  clinical  findings  resulted  in  an 
entirely  erroneous  conclusion.  The  pathologist  was  unaware  of  and  completely 
ignorerl  the  fact  that  there  had  been  a  prior  identical  episode  of  acute  illness 
with  coma  and  recovery  and  tacit  admission  by  the  deceased  of  having  taken 
an  overdose  of  barbiturates,  and  subsequent  similai'  l)ehavior  and  circum- 
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stances  of  coma  a  second  time  but  with  no  response  to  the  same  treatment 
administered  successfully  the  first  time.  The  fact  that  the  deceased  had  never 
suffered  any  abdominal  pain  and  was  in  coma,  hardly  the  symptoms  one 
would  expect  if  there  had  been  a  thrombosis  of  the  superior  mesenteric  vein, 
and  that  there  were  no  associated  findings  in  the  bowel  or  demonstrable 
jirimary  cause  for  a  thrombosis  at  autopsy,  was  totally  disregarded  by  the 
pathologist.  The  erroneous  conclusion  was  drawn  solely  on  the  basis  of  a 
clotted  superior  mesenteric  vein  in  a  well-embalmed  body  in  which  it  is  not 
at  all  unusual  to  find  blood  firmly  clotted  in  large  vessels  as  the  result  of 
contact  with  the  concentrated  formalin  of  embalming  fluid.  In  this  case  it 
would  have  been  better  had  no  autopsy  been  performed  than  the  incomplete 
one  that  was.  Autopsies  do  not  automatically  i)rovide  the  correct  an.swer, 
contrary  to  the  general  impression. 

Another  somewhat  comparable  case  may  also  be  included  to  illustrate  the 
same  point.  Again,  the  deceased  was  a  middle-aged  man  who  had  lieen  heavily 
addicted  to  alcohol  and  rehabilitated  to  a  reasonable  state  of  abstinence.  One 
evening  he  attended  a  business  and  dinner  meeting  with  a  group  of  associates, 
and  as  sometimes  happens,  the  occasion  was  a  convivial  one  with  considerable 
drinking.  His  associates  bade  him  goodbye  and  allowed  him  to  drive  off  alone 
in  his  automobile  in  the  early  morning.  He  lived  in  a  suburb  about  twenty 
miles  from  the  city  but  never  arrived  there.  The  road  home  was  a  wide  one 
and  ran  parallel  to  but  a  fairly  safe  distance  from  a  drainage  ditch  with  a 
sloping  side  leading  up  to  the  level  of  the  highway.  At  the  break  of  dawn  a  bus 
driver  traveling  across  a  bridge  over  the  ditch  saw  what  appeared  to  be  a  car 
on  the  lower  part  of  the  inclined  wall  of  the  ditch  with  its  front  end  submerged. 
He  drove  back  to  investigate  and  found  the  car  without  a  driver.  The  front 
doors  of  the  vehicle  were  partly  submerged  and  the  right  rear  door  which  was 
above  the  water  level  was  open.  The  surface  of  the  sloping  bank  of  the  ditch 
was  damp  and  slippery.  A  prompt  search  was  made  for  the  driver  in  the  water 
of  the  ditch.  The  deceased  was  found  submerged  and  dead  on  the  bottom  at  a 
depth  of  six  feet.  The  body  was  identified  as  that  of  the  missing  driver.  An 
elderly  coroner  of  the  county  was  called  to  the  scene.  Learning  that  the  de- 
ceased had  been  drinking  prior  to  starting  for  home,  he  concluded  that  he  had 
lost  his  way  in  the  dark  and  driven  off  the  road  down  the  side  of  the  ditch.  He 
reasonably  deduced  that  the  deceased  had  climbed  back  into  the  unsubmerged 
portion  of  the  car  and  had  gotten  out  through  the  right  rear  door  and  because 
of  unsteadiness  had  probably  slipped  and  fallen  into  the  ditch  and  drowned. 
An  autopsy  at  this  time  unfortunately  was  not  carried  out. 

A  certificate  of  death  was  issued  accordingly  and  the  body  turned  over  to 
the  undertaker,  who  took  it  to  the  city  in  the  same  countj^  where  it  was 
promptly  embalmed.  Another  member  of  the  coroner's  staff  then  assumed 
jurisdiction  over  the  case  and  decided  that  an  autopsy  should  be  performed  but 
totally  disregarded  the  circumstances  under  which  the  body  was  found.  The 
autopsy  was  described  as  revealing  thrombosis  of  one  of  the  coronary  arteries. 
The  condition  of  the  artery  was  otherwise  not  described  and  no  microscojiic 
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examination  of  the  occluded  vess?el  was  reported.  Death  was  recertified  as 
havino;  resulted  from  coronary  thrombosis  and  this  cci-tificate  was  placed  on 

nie. 

The  deceased  carried  an  insurance  policy  which  provided  $50,000  payment 
for  death  and  an  additional  $50,000,  or  double  indemnity,  in  the  event  of 
accidental  death.  When  an  insurance  claim  was  filed,  the  ordinary  death 
benefit  was  promptly  paid  on  the  basis  of  a  natural  cause  of  death,  namely, 
"coronary  thrombosis."  The  widow  beneficiary  wondered  why  the  accidental 
death  benefits  were  not  forthcoming  and  made  inquiry  to  the  insurance  com- 
pany. She  was  told  by  the  company's  home  office  in  New  York  that  the  death 
certificate  did  not  indicate  an  accidental  cause  of  death  but  a  natural  one. 
She  then  complained  to  the  local  insurance  company  officials,  who  in  turn 
transmitted  her  understandable  dissatisfaction  to  the  home  office.  Investiga- 
tion then  disclosed  the  unusual  circumstances  of  the  death  which  had  not  been 
suspected  by  the  insurance  claim  department  from  the  information  recorded 
on  the  official  death  certificate.  Needless  to  say,  prompt  payment  was  made 
of  the  accidental  death  benefits. 

It  was  entirely  possible  in  this  case  that  the  so-called  coronary  artery 
thrombosis  was  a  post  mortem  phenomenon  induced  by  the  formalin  in  the 
embalming  fluid.  Such  apparent  thrombi  are  commonly  encountered  in  em- 
balmed bodies  and  require  microscopic  clarification.  It  was  evident  that  the 
deceased  was  not  disabled  at  the  wheel  of  his  car  by  a  coronary  thrombosis, 
for  if  that  had  been  the  case,  he  would  not  have  been  able  to  climb  back  and 
out  of  the  vehicle  through  the  right  rear  door.  Finally,  even  if  the  deceased  had 
had  a  fresh  or  recent  coronary  thrombosis  which  caused  the  accident  to 
happen,  he  would  not  necessarily  have  succumbed  to  that  disease  since  coro- 
nary thrombosis  need  not  be  fatal,  whereas  submersion  in  six  feet  of  water  can 
reasonably  be  construed  as  an  irreversible  situation.  Whether  or  not  alcoholic 
intoxication  caused  the  deceased  to  have  the  accident  was  not  material  in  this 
case  for  the  reason  that  the  double  indemnity  provision  of  the  insurance  con- 
tract was  not  voided  by  the  co-existence  of  such  intoxication.  There  are  far 
too  many  autopsies  with  forensic  implications  that  are  not  done  at  the  right 
time  or  are  performed  merely  as  a  quest  for  findings,  in  disregard  of  significant 
circumstances,  with  resultant  erroneous  conclusions.  The  misinterpretation  of 
many  forensic  autopsies  has  and  will  continue  to  result  in  serious  miscarriages 
of  justice. 

Reliable  and  thorough  observations  in  forensic  medicine  and  pathology  and 
reasonable  conclusions  derived  from  them  are  of  immediate  importance  to  the 
community.  When  en-ors  and  omissions  occur  during  the  observation  and  de- 
ductive processes  in  hospital  autopsies,  the  effect  on  the  sum  total  of  accumu- 
lated medical  knowledge  is  small  in  contrast  to  the  seriousness  of  such  errors  in 
forensic  autopsies  which  are  always  of  immediate  and  direct  concern  to  the 
pubHc,  either  as  next  of  kin  of  the  deceased  or  as  members  of  the  community. 
In  this  connection  one  can  point  to  the  importance  of  detecting  subtle  forms 
of  traumatic  injury  and  their  fatal  complications.  Many  such  cases  go  un- 
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I't'cognized  either  because  the  deaths  are  not  investigated  routinely  or  com- 
petently or  coniph'tely.  Such  cases  when  unlabeled,  as  they  often  are  when  dis- 
covered and  even  when  medically  observed,  may  escape  recognition  because 
they  are  not  considered  in  any  of  the  catej^ories  of  deaths  requiring  official 
investigation.  When  obscure  and  unlabeled  unnatural  deaths,  or  natural 
deaths  of  the  type  which  are  of  concern  to  the  public  health  are  encountered  in 
many  jurisdictions  they  are  not  accepted  for  official  inquiry  because  suicidal 
or  homicidal  violence  is  not  obviously  apparent  or  evident. 

Most  coroners  do  not  have  the  authority  to  order  an  autopsy  in  traumatic 
deaths  which  are  not  the  result  of  criminal  or  suicidal  violence.  Ajiparently 
natural  deaths  are  usually  not  inquired  into,  a  policy  which  is  deploralile  in 
that  it  totally  disregards  the  basic  principle  in  forensic  medicine  that  an  in- 
dividual can  be  seriously  or  fatally  injured  without  immediate  disability  and 
external  signs  of  traumatic  injury.  This  principle  is  violated  on  innumerable 
occasions.  The  many  occasions  in  which  unsuspected  violence  is  demonstrated 
during  the  routine  careful  performance  of  a  forensic  autopsy  in  the  Aledical 
Examiner's  Office  should  serve  as  a  blunt  reminder  of  the  deplorable  situation 
that  exists  in  most  jurisdictions  in  the  country  where  there  is  no  provision  for 
the  routine  proper  investigation  of  such  cases.  Even  with  a  well-established, 
organized  and  efficiently  functioning  medical  examiner's  system,  deaths  by 
subtle  traumatic  injury,  poisoning,  abortion,  suicide,  homicide  and  acciflent 
may  escape  detection. 

The  discovery  of  consi)icuous  findings  during  the  performance  of  an  autopsy 
may  indicate  why  death  occurred,  but  not  the  relationship  or  lack  of  relation- 
ship of  these  findings.  An  autojjsy  may  disclose  multiple  substantial  findings 
which  are  obviously  unrelated  in  a  pathological  sense,  l)ut  without  indication 
from  the  autopsy  alone  as  to  which  of  the  unrelated  findings  is  the  cause  of 
death.  In  some  instances  during  a  post  mortem  examination,  a  finding  is  re- 
vealed which,  if  correctly  recognized  and  proi)erly  interpreted,  permits  an 
entire  reconstruction  of  the  fatal  circumstances  and  leads  to  the  discovery  of 
an  existing  hazard.  Again,  there  are  many  examples  to  illustrate  these  points. 

There  is  the  case  of  a  man  who  was  taken  from  his  home  to  the  hospital  in 
coma.  He  survived  eight  days.  The  jiossibility  of  traumatic  injury  was  con- 
sidered but  there  were  no  findings  to  estaljlish  this  possibility  and  when  death 
occurred  the  case  was  properly  reported  to  the  medical  examiner  for  routine 
investigation.  Autopsy  disclosed  a  conspicuous  large  hemorrhage  in  the  sub- 
stance of  the  left  tem]")oral  lobe  and  acute  jnirulent  meningitis  at  the  base  of 
the  brain.  The  brain  hemorrhage  did  not  appear  in  any  way  dift'erent  from  a 
natural  one  in  the  same  region.  A  careful  search  for  an  aneurysm  of  the  medial 
cerebral  artery  as  a  possible  source  did  not  reveal  any.  The  hemorrhage  and  the 
meningitis  could  be  two  separate  or  related  causes  of  death,  but  any  considered 
connection  could  not  be  ascertained  from  the  autopsy  until  subsequent  infor- 
mation from  a  young  lady  who  came  to  identify  the  body  of  the  deceased 
l)rovided  the  interesting  and  significant  fact  that  she  had  seen  and  spoken  to 
the  deceased  on  the  street  two  days  prior  to  his  hospital  admission  ten  days 
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pi'ior  to  his  death.  At  that  time  she  observed  a  surgical  dressing  over  his 
left  eye  and  on  inquiry  learned  from  him  that  he  liad  been  in  an  argument 
with  his  girl  friend.  He  had  evidently  visited  her  for  the  |)ur|)ose  of  taking 
hack  the  many  gifts  he  had  given  her  when  he  was  on  fiieiidly  terms.  When 
those  were  not  forthcoming  he  smashed  what  he  saw  of  them,  including  the 
television  set.  This  occurrence,  in  conjunction  with  a  beating,  understandably 
aroused  the  young  lady's  anger.  The  patient  told  the  witness  that  the  girl 
luul  then  picked  up  and  struck  him  in  the  left  upper  eyelid  with  a  small  screw 
driver.  He  then  went  to  the  eye  clinic  where  the  wound  was  dressed. 

The  seriousness  of  the  injury  was  not  recognized  because  of  the  apparent 
lack  of  injury  to  the  eyeball  and  of  symptoms  other  than  alcoholism.  This 
incident  happened  on  a  Saturday.  The  man  had  been  advised  to  return  to  the 
clinic  on  Monday  but  was  unable  to  do  so  because  coma  had  intervened  and 
he  was  removed  to  the  same  hospital  instead.  The  fact  that  he  was  the  same 
liatient  who  had  been  treated  in  the  eye  clinic  remained  unknown  during  his 
hospitalization.  After  this  information  about  the  deceased  was  obtained  from 
this  humble  source,  the  left  upper  eyelid  was  scrutinized  and  revealed  a  very 
small  completely  healed  scar  in  the  medial  portion  of  the  tarsal  fold  that  ini- 
tially had  not  suggested  a  perforating  puncture  wound  inflicted  ten  days  be- 
fore. There  was  slight  injection  of  the  bulbar  conjunctiva  but  otherwise  the 
anterior  portion  of  the  eye  did  not  reveal  any  suggestive  appearance.  On  re- 
moval of  the  eyeball,  a  faint  tan  discoloration  of  the  periorbital  fat  was  noted. 
( )n  microscopic  examination  this  disclosed  a  reparative  reaction  in  the  form 
of  granulation,  slight  leukocytic  infiltration  and  resorbing  hemorrhage.  The 
blade  of  the  weapon,  which  was  only  two  inches  long,  had  evidently  penetrated 
the  superior  orbital  fissure  in  the  posterior  portion  of  the  orbit  without  frac- 
turing its  bony  margins,  and  had  reached  the  fissure  of  Sylvius  to  damage 
the  temporal  pole  of  the  brain  and  the  blood  vessels  in  the  vicinity.  This  un- 
suspected homicidal  penetrating  wound  was  responsible  for  both  the  delayed 
acute  cerebral  hemorrhage  and  the  acute  purulent  meningitis.  The  traumatic 
and  common  origin  of  these  two  fatal  complications  would  not  have  been  es- 
tablished were  it  not  for  the  unsolicited  information  from  the  identifying  wit- 
ness without  which  this  homicidal  death  would  have  gone  unrecognized.  It  is 
important  for  the  forensic  pathologist  to  be  on  the  alert  for  information  from 
every  source  in  puzzling  cases. 

In  another  case  in  which  the  deceased  was  a  derelict  and  was  found  dead, 
autopsy  disclosed  an  old  healed  tan-colored  brain  laceration  with  abundant 
adhesions  of  the  scarred  brain  to  the  dura.  There  was  evidence  of  chronic 
alcoholism  in  the  form  of  a  fatty  liver.  The  heart  disclosed  extensive  occlu- 
sive coronary  arteriosclerosis,  a  condition  not  infrequently  encountered  in 
chronic  alcoholics  despite  the  common  impression  that  occlusive  coronary 
artei'y  disease  is  not  apt  to  occur  in  such  persons. 

Did  death  result  from  convulsive  siezures  induced  by  the  old  healed  brain 
laceration  or  from  occlusive  coronary  artery  disease?  The  pathologist  can  only 
reveal  the  findings  but  cannot  from  the  autopsy  alone  state  the  cause  of  death 
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without  additional  information  as  to  prior  syniittoms  and  manner  in  wliich 
death  ocourretl.  Such  cases  are  of  more  than  theoretic  interest,  for  if  the  old 
brain  injury  had  resulted  from  an  accident  during  employment,  the  relatives, 
tliat  is  to  say,  the  widow,  dependent  children  under  eighteen  years  of  age  and 
dependent  parents,  would  be  entitled  to  benefits  from  the  employer  or  his  in- 
surance carrier  under  the  Workmen's  Compensation  Law.  This  would  be  true 
even  though  the  deceased  had  abandoned  his  family  and  was  no  longer  gain- 
fully employed.  If  the  deceased  died  of  occlusive  coronary  artery  disease,  the 
death  would  be  unrelated  to  any  prior  injury  to  the  head.  In  such  a  case  the 
aiitopsy  findings  revealed  two  ]iossible  causes  of  death  which  the  pathologist 
could  not  arbitrarily  determine  without  additional  information. 

There  is  the  case  in  which  the  autopsy  by  the  findings  in  a  single  organ  re- 
veals the  cause  of  death  and  enables  the  medical  examiner  to  reconstruct  all 
of  the  preceding  circumstances  to  disclose  a  continuing  hazard  responsible  for 
the  disability  and  death,  and  by  expanding  the  investigation,  discover  similar 
unsuspected  existing  hazards. 

Carbon  monoxide  poisoning  provides  such  unlabeled  situations  in  which 
the  victim  may  be  found  in  coma  and  brought  to  the  hospital  without  suspicion 
of  such  poisoning  having  occurred.  The  victim  may  be  suspected  of  having  in- 
gested poison  as  the  cause  of  his  coma,  particularly  if  the  family  unintention- 
ally supplies  a  misleading  history  of  mental  depression  for  which  barbiturates 
had  been  prescribed.  The  hospital  tentatively  treats  the  patient  for  this  con- 
dition. Neurological  manifestations,  however,  are  not  suggestive  of  an  overdose 
of  barbiturates.  Death  may  occur  a  day  or  two  after  admission  without  the 
true  cause  of  death  being  recognized.  Autopsy  reveals  bilateral  symmetrical 
softening  of  the  globus  pallidus  and  extensive  petechial  hemorrhages  in  all 
parts  of  the  white  matter  of  the  brain.  The  pathological  picture  is  very 
striking  and  should  be  recognized  promptly  as  having  resulted  from  delayed 
acute  carbon  monoxide  poisoning.  One  dreads  to  think  of  the  delay  in  recog- 
nition when  the  brain  in  such  an  unsuspected  case  is  removed  and  placed  in 
fixative  without  being  sectioned  at  the  time.  Many  other  poisonings  from  the 
same  unsuspected  source  could  result  in  the  interim.  In  such  cases  the  brain 
must  be  examined  immediately  and  the  findings  recognized  if  proper  measures 
are  to  be  taken  for  the  discovery  and  elimination  of  the  hazard  in  the  home  or 
elsewhere  responsible  for  the  poisoning.  In  this  instance  carbon  monoxide 
poisoning  was  immediately  suspected  from  the  characteristic  appearance  of 
the  brain,  and  the  presence  of  the  petechial  hemorrhages  in  the  white  matter 
suggested  a  relatively  prolonged  type  of  asphyxiation  which  could  result  only 
if  the  concentration  of  carbon  monoxide  in  the  air  were  in  the  order  of  1,000 
parts,  or  thereabouts,  per  million.  These  conditions  are  apt  to  be  found  when  a 
gas  flame  refrigerator  oiierates  defectively  and  produces  carl)on  monoxide  by 
incomplete  combustion.  The  fact  that  these  refrigerators  are  not  vented  to  the 
outside  but  discharge  their  products  of  incomplete  combustion  into  the  atmos- 
phere of  the  room  has  been  responsible  for  many  serious  and  fatal  cases  of 
carbon  monoxide  ]ioisoning.  This  is  true  regardless  of  the  nature  of  the 
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fuel,  whothor  manufactured  gas  with  a  high  content  of  carl)on  monoxide  to 
Ijegin  with,  oi'  natural  gas  or  bottled  gas  which  does  not  contain  any  carbon 
monoxide.  The  carbon  monoxide  in  such  cases  is  generated  by  incomplete  com- 
bustion of  fuel  gas.  The  l)Ui-ner  has  a  safety  device  to  shut  off  the  raw  gas 
^up|)ly  if  the  flame  should  b(>  extinguished,  but  this  only  prevents  explosions 
or  poisoning  l)y  raw  gas  inhalation.  The  elaboration  of  carbon  monoxide  by 
incomplete  combustion  is  ])cculiar  to  the  fuel  combustion  in  this  type  of 
apparatus.  Such  equipment  may  no  longer  be  installed  for  domestic  use  in 
New  York  City.  The  manufacturing  company  is  now  exporting  its  product! 

In  the  case  just  described,  subsequent  inspection  of  the  premises  where  the 
deceased  was  found  unconscious  two  days  before  her  death  disclosed  the 
]iresence  of  a  gas  flame  refrigerator  still  in  operation  and  discharging  1,000 
parts  per  million  of  carbon  monoxide  into  the  atmosphere  of  the  apartment. 
A  routine  inspection  of  other  apartments  in  the  same  building  uncovered 
seventeen  other  similar  defectively  operating  refrigerators,  a  source  of  a 
hazard  which  was  immediately  corrected. 

In  these  last  described  instances,  the  observations  were  easily  made  but 
the  correct  interpretation  of  the  obvious  findings  in  the  first  instance  was  de- 
pendent upon  information  from  a  totally  unsuspected  source;  in  the  second 
case  the  interpretations  of  the  unrelated  findings  as  to  the  proper  selection  of 
the  cause  of  death  was  dependent  upon  reliable  information  from  witnesses 
and  prior  history;  in  the  last  case  the  observations  required  recognition  and 
then  their  solution  and  many  ramifications  could  be  predicted  from  the  findings 
and  needed  only  corroboration  and  prompt  corrective  action. 

A  series  of  varied  fatalities  which  should  be  and  usually  are  reported  to  the 
medical  examiner  has  been  presented  in  order  to  illustrate  the  importance  of 
observation,  recognition  and  proper  and  careful  interpretation,  and  also  to 
indicate  in  part  what  an  official  medicolegal  agency  is  responsible  for  and 
should  accomplish  if  it  is  to  give  adequate  service  to  the  community  and  to 
justice. 


Some  ConiiiR'iits  on  Observation  in  Medicine,  in 
Literature,  and  in  Life* 
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Even  in  the  Electronic  and  Orbital  Age  no  one  will  contest  the  inijiortance 
of  observation  in  clinical  medicine.  The  physician  wants  to  perceive  whatever 
confronts  him  and  he  wants  to  perceive  it  accurately,  completely  and  rapidly. 
In  urgent  situations  it  is  rapidity  that  must  take  precedence.  In  all  other 
situations  the  emphasis  is  on  accuracy.  The  degree  of  completeness  to  be 
sought  will  vary  with  the  exigencies  of  the  individual  problem.  There  have  been 
eminent  clinicians  who  saw  almost  everything  and  there  have  been  eminent 
clinicians  who  saw  only  what  was  important.  Both  types  may  stand  at  the 
summit  of  practical  usefulness  and  both  may  contribute  observations  which 
lead  beyond  clinical  diagnosis  to  clinical  discovery. 

Observation  connotes  the  conscious  recognition  of  a  sensory  impression.  In 
common  parlance  we  have  sometimes  debased  the  attribute  "observant"  by 
bestowing  it  on  the  routinist,  the  man  who  first  hears  the  expected  rale  when 
a  heart  is  failing  or  who  first  sees  the  jaundice  in  a  case  of  colic.  In  a  far 
higher  category  is  the  observer  who  notices  the  unexpected  or  the  unprece- 
dented. 

I  do  not  know  who  first  recognized  that  the  moon  always  presents  nearly 
the  same  face  to  the  earth  and  inferred  from  this  that  it  rotates  on  its  axis 
in  the  same  time  in  which  it  accomplishes  its  revolution.  Here  we  have  a 
simple  observation  and  a  transcendental  conclusion. 

It  is  said  that  a  monk,  walking  in  his  garden,  noticed  that  in  the  earliest 
moments  of  the  morning  and  the  latest  moments  of  the  evening  the  color  of  the 
flowers  was  diffei'ent  from  what  it  appeared  to  be  during  full  daylight.  This 
astounding  observation  is  believed  to  have  led  ultimately  to  the  discovery  of 
the  retinal  rods  and  cones  (1). 

Dr.  Arthur  Fishberg's  valuable  book  Hi/pcrtension  and  Nephritis  tells  us 
that  old  clinicians  formerly  tested  for  impairment  of  renal  function  by  observ- 
ing the  absence  of  odor  in  urine  after  the  patient  had  eaten  asparagus  (2). 
Whoever  first  observed  this  phenomenon  possessed  almost  superhuman  acuity, 
since  he  had  noticed  the  absence  of  something,  and  negative  observations 
seem  to  be  the  most  elusive  of  all  (3) . 

For  twenty  years  I  was  exposed  to  talk  about  the  white-centered  petechiae 
which  occur  in  subacute  bacterial  endocarditis.  After  two  decades  of  this  un- 
observant teaching  and  learning  I  read  in  the  writings  of  Dieulafoy  that  the 
centers  of  petechiae  are  chamois  colored  (4).  Immediately  it  became  obvious 
that  I  had  been  working  among  amaurots. 

Many  first-class  observations,  like  coins  in  a  i^oorbox,  were  contributed  by 

*  Dedicated  to  Professor  Nathan  Comfort  Starr. 
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persons  wlio  can  no  Ioniser  be  traced  or  can  only  be  traceil  witli  (lilliculty.  We 
would  like  to  know  who  first  noticed  that  in  ro(>nt^en  films  of  the  chest  the 
right  lower  lung  field  is  luoi'e  distinct  than  the  left.  Who  (ii'st  noticed  that 
in  scurvy  the  bail's  ai'c  bi'oken  oCf  short  in  the  affected  follicles?  Who  first 
noticed  that  the  cutaneous  eru])tions  of  secondary  syphilis  may  appear  in  the 
black  parts  of  a  two-color  tattoo  but  not  in  the  red?  Who  first  recognized 
that  in  an  outbi'eak  of  yellow  fever  the  fii'st  cases  occur  in  houses  neai'  the 
docks  ("))? 

The  literatui'e  also  contains  some  notable  instances  of  observational  failure. 
Perhaps  the  most  famous  is  that  of  Clavide  Bernard.  As  Michael  Foster  says: 
"Indeed  Bernard  himself  tells  us  that  from  the  beginning  of  his  experimental 
studies  in  1841,  he  had  repeatedly  divided  the  cervical  sympathetic  witliout 
observing  the  phenomena  which  he  saw  for  the  first  time  in  1851.  In  these 
previous  exj^eriments  his  attention,  like  that  of  others,  had  been  directed 
to  the  \m\n\ ;  it  was  not  until  the  day  that  he  looked  for  changes  in  the  face 
and  ear  that  he  saw  them  ..."  (6) . 

Another  striking  observational  failure  is  mentioned  by  Cole:  "It  says  much 
for  the  im];)etuous  but  barren  industry  of  scholasticism  that  Spigelius,  a  well- 
known  and  i-eputable  anatomist,  should  have  jiroduced  in  1618  at  the  mature 
age  of  forty  an  entire  memoir  of  some  ninety  images  on  the  tapeworm,  without 
succeeding  in  discovering  its  head"  (7). 

W^e  physicians  sometimes  forget  that  laymen  have  contributed  many  eye- 
opening  and  open-eyed  medical  observations.  I  shall  here  cite  only  one.  The 
architect  Benjamin  G.  B.  Latrobe  (1766-1820)  spent  the  last  twenty  months 
of  his  life  in  New  Orleans.  His  diary  and  sketchbook  contain  an  astonishing 
collection  of  clinical,  epidemiological  and  entomological  observations  on  yellow 
fever  (8),  including  a  description  of  four  kinds  of  moscjuito,  one  of  which  is 
clearly  Aedes  aegypti  (9).  Latrobe's  book  reminds  one  of  the  Hippocratic  dic- 
tum that  the  physician  should  not  be  reluctant  to  learn  from  laymen  (10). 

The  presence  of  superior  observations  in  many  old  writings  inclines  us  to 
suppose  that  our  jiredecessors  were  more  observant  than  our  contemporaries. 
I  do  not  know  that  this  can  be  proved.  Indeed,  the  entire  proposition  is 
reminiscent  of  the  battle  between  the  ancients  and  the  motlerns,  which  so 
greatly  exercised  Sir  William  Temple  and  Jonathan  Swift.  The  whole  tiling 
may  be  an  artifact  of  history. 

To  begin  with,  there  would  seem  to  be  no  reliable  method  by  which  the 
acuteness  of  dead  clinicians  can  be  measured.  Moreover,  literature  is  an  in- 
complete, eclectic  and  inaccurate  record  of  life.  We  all  know  observant 
clinicians  who  have  rarely  written  a  line  and  we  all  have  read  authors  whose 
sole  possession  was  a  pen. 

It  should  also  be  said  that  the  medical  literature  contains  rliinestones  among 
the  diamonds.  For  example  the  eminent  Albreclit  Meckel  jjublished  a  case  of 
aortic  coarctation  in  which  the  ribs  were  said  to  be  eroded  at  their  loircr  bor- 
ders (11).  Another  man  recorded  the  statement  that  people  aflflicted  with 
Malta  fever  did  poorly  on  goats'  milk. 
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All  in  all  it  would  be  rash  to  conclude  that  the  older  authors  were  sharper 
than  the  newer  and  we  are  probably  unjustified  in  putting  a  halo  around  the 
past.  Hippocrates  said  that  bad  piiysicians  conijiose  the  great  majority  (12). 

Another  ])robleni  is  the  relation  between  observational  acuity  and  intelli- 
gence. Since  this  question  belongs  in  the  domain  of  the  psychologist,  it  would 
be  unwise  for  others  to  intrude.  But  I  cannot  avoid  mentioning  the  oi)inion, 
encountered  from  time  to  time,  that  acuity  may  exist  apart  from  high  intel- 
ligence. For  example,  a  tradition  is  current  to  the  effect  that  Richard  Bright 
was  a  superior  observer  but  an  undistinguished  thinker.  Of  counsel  for 
the  defence  we  have  Sir  William  Hale-White,  who  wrote:  "He  was  an 
extraordinary  man.  It  is  imjiossible  to  place  geniuses  in  order,  but  he  is  cer- 
tainly among  the  first  five  or  six  in  medical  profession.  To  him  and  to  a  few 
others  an  altogether  marvellous  power  of  observation  has  been  given  but 
Bright "s  genius  took  him  fiuther  than  mere  observation,  however  brilliant, 
for  he  could  correlate  his  observations  .  .  .  .  "  (13). 

From  reading  Bright's  essays  on  kidney  disease  and  on  abdominal  tumors 
I  consider  it  unquestionable  that  Bright  possessed  synthetic  powers  such  as 
few  medical  writei-s  have  ever  manifested. 

The  relation  between  acuity  and  intelligence  is  discussed  by  ^Marcel  Proust, 
a  novelist  who  is  famous  for  his  microscopically  detailed  descriptions  of 
human  behavior  and  who.  moreover,  was  much  interested  in  physicians. 
Proust  made  the  following  remarkable  comment :  "A  man  may  be  illiterate, 
and  make  stupid  puns,  and  yet  have  a  special  gift,  which  no  amoimt  of  general 
culture  can  replace — such  as  the  gift  of  a  great  strategist  or  jihysician.  And 
so  it  was  not  merely  as  an  obscure  practitioner,  who  had  attained  in  course  of 
time  to  European  celebrity,  that  the  rest  of  his  profession  regarded  Cottard. 
The  most  intelligent  of  the  younger  doctors  used  to  assert ...  that  if  they 
themselves  ever  fell  ill  Cottard  was  the  only  one  of  the  leading  men  to  whom 
they  would  entrust  their  lives.  No  doubt  they  preferred,  socially,  to  meet  cer- 
tain others  who  were  better  read,  more  artistic,  with  whom  they  could  discuss 
Nietzsche  and  Wagner  ....  Yet  everybody  praised  the  quickness,  the  jienetra- 
tion.  the  unerring  confidence  with  which,  at  a  glance,  he  could  diagnose  dis- 
ease  "  ( 14). 

Opinions  like  this  one  of  Proust's  impress  us  deeply  but  we  should  not  be 
overborne  by  them,  since  the  question  is  one  for  the  professional  psycholo- 
gist to  settle  if  he  can. 

While  it  proves  difficult  to  guess  the  relation  between  general  intelligence — 
a  vague  entity — and  observation,  it  is  commonly  accepted  that  observation  is 
strongly  influenced  I)y  the  observer's  knowledge,  antecedent  experience,  and 
preconceptions.  According  to  the  old  aphorism: 

We  see  what  lies 
Behind  our  eyes. 

A  Frenchman  whose  book  I  can  no  longer  find  states  that  if  someone  shows  you 
that  a  certain  rock  is  shaped  like  the  head  of  an  elephant  you  can  never  again 
look  at  the  rock  without  noticing  the  resemblance. 
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A  good  cxain])lo  of  this  kind  of  i)icconditioning  is  found  in  the  poem 
"Grongar  Hill"  by  John  Dyer.  It  is  iniinissible  to  read  this  short  romantic 
description  without  recognizing  that  the  author  had  been  a  painter. 

Exactly  analogous  is  the  woi'k  of  Laennec.  Whoever  reads  attentively  the 
Treatise  on  Mediate  Auscultation  must  perceive  that  Laennec  was  a  musician 
and  that  his  musical  gift  helped  him  develop  the  art  of  auscultation  (15). 

In  the  same  way  a  physician  who  has  been  trained  in  philology  and  litei'atvire 
is  likely  to  notice  his  patient's  speech,  intonation,  grammar  and  vocabulary, 
and  from  these  he  will  rapidly  draw  conclusions  as  to  the  patient's  origins, 
social  condition  and  mental  state  (16).  It  by  no  means  follows  that  the  same 
physician  will  necessarily  be  more  observant  than  his  fellows  with  respect  to 
other  components  of  the  clinical  jiicture.  And,  to  generalize  the  matter  still 
further,  it  is  by  no  means  certain  that  immoderate  accretions  of  knowledge  are 
necessarily  a  boon  to  observation.  We  have  always  had  men  who  learn  from 
books  and  men  who  learn  from  life. 

Passing  from  considerations  of  this  character  we  must  now  turn  to  consider 
some  of  the  circumstances  which  condition  observation  in  clinical  medicine. 
For  reasons  already  given,  I  am  unwilling  to  assert  that  the  physicians  of 
previous  generations  were,  on  the  average,  better  obsei'vers  than  those  of  our 
time.  But  I  am  convinced  that  interest  in  physical  diagnosis  has  declined,  most 
especially  as  regards  inspection  and  somewhat  less  in  the  case  of  palpation. 
Auscultation  also  has  suffered  a  decline  from  which — as  a  kind  friend  has  re- 
minded me — it  is  perhaps  being  rescued  by  the  new  developments  in  cardiac 
surgery  (17). 

I  think,  but  cannot  prove,  that  we  tend  to  be  worst  at  inspection.  Perhaps 
this  deficiency  is  in  some  way  a  reflection  of  our  national  character,  which 
embodies  elements  of  haste,  tension  and  overwork.  Perhaps  our  urban  up- 
bringing helps  stifle  observation. 

If  you  ride  in  a  train,  anywhere  except  in  the  scenic  West,  you  will  find 
that  no  one  raises  the  windowblind  above  the  midlevel  at  which  the  porter 
has  set  it.  No  passenger  cares  to  look  out. 

As  regards  the  realm  of  medical  observation,  there  are  specific  unfavorable 
factors  to  which  the  physician  is  exposed.  Some  of  these  are:  the  noisiness  of 
American  cities,  not  excluding  hospitals;  the  use  of  artificial  light;  and  the 
fact  that  hospital  beds  are  usually  too  high  for  the  examiner. 

I  will  risk  the  surmise  that  American  elementary  and  secondary  schooling, 
presently  in  a  condition  approaching  gangrene,  are  in  part  responsible  for 
our  habitual  inattention.  Fingerpainting  has  ousted  the  old-fashioned  drawing. 
The  child  is  not  encouraged  to  make  a  representational  picture  of  anything; 
instead,  he  is  asked  to  liberate  his  little  psyche.  This  is  perhaps  beneficial  l)ut 
it  is  not  conducive  to  the  development  of  observation. 

I  do  not  know  whether  women  are  better  observers  than  men.  In  any 
culture  the  daily  routine  activities  of  women  are  specialized.  In  our  system 
the  woman  takes  care  of  the  home  and  the  children  and  usually  does  most  of 
the  purchasing.  Female  clothing  is  much  more  elaborate  and  conspicuous  than 
the  clothing  of  men  and  is  more  varied  in  form  and  color.  Further,  women  are 
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expected  to  be  beautiful  wliile  malcness  involves  no  such  ol)lip;ation.  It  follows 
then  that  our  culture  has  imposed  upon  women  a  preoccujiation  with  small 
and  visible  details,  hence  women  often  astonish  us  with  accuracy  of  their 
observations.  But  they  are  far  from  infallible  and  I  have  known  a  young 
mother  who  had  failed  to  notice  that  her  child  had  jaundice. 

In  his  pri'UU'dical  stages  the  future  physician  is  exposed  or  overexposed  to 
chemi.-^try.  It  has  been  assumed  that  this  subject  develops  the  power  of  ob- 
servation. I  think  we  have  too  long  deluded  ourselves  in  this  belief.  The 
premedical  student  of  cliemistiy  follows  a  jirinted  or  niimeograi)hed  labora- 
tory manual.  When  he  adtls  sodium  chloride  to  a  solution  of  silver  nitrate, 
he  "observes"  a  precipitate.  Then  he  must  hurry  on  to  the  next  procedure. 
Are  we  to  believe  that  this  tyi)c  of  standardized  cookbookery  adds  an  iota  to 
anyone's  jiowers  of  observation? 

What  can  be  done  to  help  the  medical  student  and  intern  develop  into  an 
observer?  The  responsibility  belongs  with  the  teacher  of  physiology,  the  teacher 
of  pathology,  the  teachers  of  pharmacology  and  bacteriology  and  the 
teachers  of  the  clinical  subjects.  Among  the  clinical  teachers  those  should  be 
selected  who  have  interest  and  practical  experience.  In  this  important  respect 
the  great  theoretician  is  apt  to  be  less  useful  than  the  obscure  practitioner. 

The  teacher,  also,  has  the  duty  of  directing  his  student  to  the  great  masters 
of  the  past.  Among  the  best  and  also  the  most  interesting  are  Trousseau, 
Graves,  Dieulafoy,  Hipi)ocrates,  Laennec,  Charcot,  Broadbent,  and  Dupuy- 
tren.  Much  can  be  gained,  also,  from  wide  reading  outside  the  field  of  medicine. 
Here  the  poets,  the  realistic  novelists  and  the  better  writers  of  detective 
stories — especially  Conan  Doyle — can  be  used  to  afford  pleasure  combined 
with  edification.  Even  the  historian,  the  biographer  and  the  essayist  may  help 
the  seeing  eye.  Here  is  what  Suetonius  says  of  the  death  of  Julius  Caesar: 
"  .  . .  Finally  three  common  slaves  put  him  on  a  litter  and  cai-ried  him  home, 
with  one  arm  hanging  down"  (18). 

But  it  must  be  confessed  that  despite  the  best  of  training,  despite  iron 
persistence,  golden  opportunities  and  wide  reading,  we  all  overlook  some  things 
that  we  wish  w'e  had  seen.  Let  us  take  consolation  from  the  works  of  a 
great  leader:  "I  call  all  gods  to  witness  that  I  have  often,  on  further  examina- 
tion, seen  things  I  had  completely  missed  before"  (19). 
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Observation  of  Behavior:   Ecologieal  Approaches 
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Oskaloosa,  Kansas 

Ecological  and  cxiieriinental  nicthods  of  science  can  be  differentiated  with 
precision.  Ecological  methods  have  input  only:  there  is  one-way  communica- 
tion between  them  and  the  phenomena  to  which  they  are  applied;  they  dis- 
close things  and  events  unchanged  by  the  techniques  used  to  observe  them. 
In  this  sense,  ecological  methods  reveal  natural  occurrences;  they  answer  the 
question:  What  goes  on  here?  Experimental  methods  have  both  input  and 
feedback:  there  is  a  circular  coupling  between  them  and  the  phenomena  with 
which  they  deal;  what  they  discover  are  resultants  of  the  conditions  imposed 
by  the  investigator's  observational  methods.  In  this  sense  experimental 
methods  exhibit  contrived  phenomena.  Experiments  answer  the  question: 
What  goes  on  here,  under  these  conditions?  Galileo  was  an  ecologist  when  he 
timed  the  oscillations  of  the  lamp  in  the  cathedral  at  Pisa;  he  was  an  experi- 
mentalist when  he  dropped  the  weights  from  the  tower. 

It  should  be  noted  that  ecological  approaches  to  scientific  problems  are  not 
incomplete,  or  defective  experimental  approaches.  On  the  contrary,  they  pro- 
vide knowledge  that  the  best  experimentation  cannot  provide,  because  experi- 
mentation by  arranging  conditions  according  to  the  concerns  of  the  experimen- 
ter destroys  the  very  thing  an  ecological  investigation  seeks  to  determine. 
The  importance  to  science  of  experimental  methods  is  everywhere  recognized, 
but  it  is  perhaps  less  widely  realized  that  the  ecological  side  of  science  is  es- 
sential too.  From  a  purely  scientific  A'iewpoint  it  is  important  to  determine 
how  nature  is  arranged,  i.e.,  its  taxonomy,  and  how  it  is  distributed  on  every 
level  without  alteration  of  any  kind,  and  this  can  only  be  accomplished  by 
ecological  methods.  And  for  the  applied  sciences,  information  about  the  un- 
altered world  is  necessary  before  applications  can  be  made.  An  engineer,  for 
example,  could  not  build  a  bridge  without  detailed  information  about  the 
bridge  site,  and  this  information  can  be  secured  only  by  methods  that  do  not 
destroy  the  site  in  the  process  of  surveying  it.  Similarly,  no  physician  would 
give  a  therapeutic  injection  to  a  patient  without  knowledge  of  the  patient's 
tolerance  for  the  drug.  Such  knowledge  is  equally  important  for  the  behavioral 
sciences:  for  a  teacher  making  an  assignment,  for  a  judge  passing  a  sentence, 
and  for  a  physician  prescribing  a  treatment  regimen;  each  should  know  the 
psychological  terrain  upon  which  the  assignment,  the  sentence,  or  the  regimen 
is  to  be  placed.  But  this  information  is  seldom  available.  It  is  not  available 
because  the  ecological  side  of  the  behavioral  sciences  is  poorly  developed.  There 
are  a  number  of  reasons  for  this. 

ECOLOGICAL  METHODS:   FUND.\MENTAL  PROBLEMS 

Ecological  methods  must  contend  with  the  same  fundamental  problems  in  all 
sciences,  namely,  1)  with  the  development  of  non-interfering  methods  of  ob- 
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serving,  and  rccoi'ding,  and  anulyzinj;;  the  phenomena  of  tlie  science,  2)  with 
the  identification  and  description  of  the  natural  entities  or  events  of  the  sci- 
ence, and  tlieir  relevant  contexts  or  enviionnients,  and  3 1  with  the  incorpora- 
tion of  enii)irically  observed  ecological  relationships  into  a  unified  system  of 
concepts  and  theories.  We  shall  consider  each  of  these  in  connection  with  the 
problem  of  investigating  behavior. 

Xoti-ivfcrferitni  Methods  of  Obtten>ation  and  Analysis.  In  most  sciences, 
non-interfering  methods  are  difficult  to  devise,  though  much  has  been  achieved 
in  the  older  sciences  by  means,  for  cxamjile,  of  radiological,  resonance,  sonar, 
magnetic,  photographic,  and  electrical  techniques.  There  are  a  number  of  rea- 
sons why  i)rogress  has  been  esj)ecially  difficult  in  connection  with  behavior. 

First,  few  phenomena  are  so  sensitive  to  outside  influences  as  is  much  be- 
havior. The  very  ]3rocess  of  ol)servation,  itself,  can  constitute  an  interference: 
an  observer,  a  camera,  or  a  microphone  can  radically  alter  a  person's  situation, 
as  the  distress  over  "bugged"  juries,  tapped  telephone  wires  and  other  invasions 
of  privacy  demonstrate. 

Secondly,  behavior  and  its  context  usually  involve  multiple,  simultaneous 
variables  in  complicated  interrelationships.  To  include  only  a  few  of  these  in  a 
record  is  as  destructive  of  behavior  as  active  intervention.  The  disturbing 
effects  of  inadequate  sampling  of  subjects  is  well  known,  and  the  importance 
of  situational  representativeness  has  been  stressed  by  Brunswik  fl)  ;  in  addi- 
tion, however,  for  ecological  purposes,  behavior  must  be  "observed"  and  de- 
scribed in  its  contemporaneous  entirety. 

A  third  liai-rier  to  making  undistorted  behavior  records  lies  in  the  fact  that 
behavior  and  its  context  present  a  moving  target  without  a  repetitive  cycle. 
In  other  words,  behavior  has  sequential  as  well  as  simultaneous  complexity. 
Furthermore,  temporally  separated  segments  of  behavior  are  not  independent; 
the  significance  of  an  action  often  depends  upon  what  has  preceded  or  upon 
what  follows.  This  is  clearly  illustrated  by  language  behavior.  Take,  for  ex- 
ample, the  sentence  by  William  James,  "A  mind  is  an  object  in  a  world  of  other 
objects."  The  word  "mind"  in  this  sentence  has  an  undeterminate  meaning  if 
it  is  considered  alone.  This  exemplifies  the  general  fact  that  instantaneous, 
cross-sections  of  behavior  are  not  intact  behavior  specimens:  they  are  behav- 
ior fragments.  Observational  methods  that  ignore  behavior's  time  dimension 
are  as  destructive  of  its  naturally  occurring  properties  as  are  the  impositions 
of  experiments.  Laymen  recognize  this ;  they  act  as  though  they  see  their  asso- 
ciates' behavior  occurring  in  units  with  a  fragile  temporal  extension.  Men  are 
generally  careful  not  to  intei'i-ujit  each  other,  thereby  implying  that  interrup- 
tion will  shatter  and  destroy  a  person's  behavior.  In  the  canons  of  social  eti- 
quette, to  interrupt  a  person  in  the  midst  of  a  behavior  unit  means  that  an 
urgency  exists  which  justified  the  destruction,  or  it  means  malicious  motiva- 
tion or  insensitivity  on  the  part  of  the  interrupter.  Children  are  taught  to 
"wait  until  he  is  finished."  Just  as  one  does  not  step  on  another  person's  toes, 
eat  another  person's  food,  or  wreck  another  person's  toys,  one  does  not  destroy 
another  person's  behavior-in-progress.  Here  is  a  lesson  in  research  methodol- 
ogy, as  well  as  in  social  conduct. 
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Idenfification  of  Behavior  Units.  When  one  has  obtained,  by  whatever 
method,  an  extended  entire  specimen  of  behavior,  one  is  faced  with  the  problem 
(if  units.  \\'hat  arc  its  parts  and  pieces? 

Innumerable  behavior  segments  have  been  identified  and  described,  encom- 
passint2;  such  diverse  jihenomena  as  a  brain  wave,  a  maze-learning  trial,  and  a 
seizure;  a  three-minute  segment  of  behavior,  an  after-dinnt'r  speech,  an<l  an 
answer  to  a  ([uestionnaire  item.  The  behavior  continuum  can  be  divided  into 
an  infinite  niunl)er  of  parts.  These  countless  parts  are  of  two  types  so  far  as 
theii'  origin  along  tlu'  time  dimension  is  concerned. 

One  type  may  be  ajiprojjriately  called  behavior  tesserae  after  the  pieces  of 
glass  or  marble  used  in  mosaic  work.  Tesserae  are  created  or  selected  by  the 
mosaic  maker  to  fulfill  his  artistic  aims.  Similarly,  behavior  te.sserae  are  frag- 
iiKMits  of  I)elun-ior  that  are  created  or  selected  by  the  investigator  in  accordance 
with  his  scientific  aims.  They  occur  when  there  is  feedback  between  the  in- 
vestigator and  l)eliavior.  Behavior  tesserae  are  jiroduced  by  tests,  experiments, 
questionnaires  and  interviews,  i.e.,  by  all  methods  where  an  investigator  re- 
cjuires  a  subject  to  engage  in  actions  to  suit  the  investigator's  scientific  pur- 
poses. Behavior  tesserae  are  produced,  too,  by  research  methods  which  divide 
the  behavior  continuum  at  predetermined  points.  In  these  cases,  the  beginning 
and  the  end  points  of  the  selected  parts  are  determined  by  the  purposes  of  the 
investigator,  and  do  not  coincide,  except  by  chance,  with  natural  units.  INIaze- 
learning  trials,  three-minute  behavior  segments,  and  answers  to  ciuestionnaire 
items  are  behavior  tesserae. 

The  other  type  of  segment  of  the  behavior  continuum  may  be  designated 
behavior  units.  Behavior  units  occur  without  intervention  by  the  investigator; 
they  are  ihe  self-generated,  inherent,  i.e.,  the  natural  parts  of  a  person's  on- 
going beliavior.  The  boundaries  of  behavior  units  fall  at  those  points  of  the 
behavior  continuum  where  changes  take  place  independently  of  the  operations 
of  the  investigator.  Brain  waves,  seizures,  and  after-dinner  speeches  are  ex- 
amples of  behavior  units. 

There  are,  at  the  present  time,  two  grounds  for  identifying  and  classifying 
behavior  units.  One  ground  is  their  structural-dynamic  characteristics,  the 
other  is  their  material-content  properties.  These  two  grounds  are  illustrated  in 
the  following  si)ecimen  record. 

Benjamin  Benrod,  age  6  years,  suffered  from  cerebral  palsy  and  resided  at  a 
school  for  disabled  children.  Ben  spoke  slowly  and  with  difficulty.  He  wore  a 
corset  continuously  in  order  to  maintain  upright  posture,  and  was  confined  to 
a  chair  almost  the  entire  waking  day.  Ben  could  not  stand  alone  and  crawled 
only  ])ooi-ly  and  with  greatest  effort  as  the  record  shows.  The  record  was  made 
in  the  physical  therapy  room  of  the  school  during  Ben's  regular  treatment  pe- 
riod that  was  scheduled  at  1:30  p.iM.  The  persons  who  appear  in  the  record  in 
addition  to  Ben  are  Tom  Benray,  the  physical  therapist;  Marilyn  and  Olivia, 
aides;  Saline,  a  teacher;  Celestia,  Otto,  Verne,  and  Hilda,  other  pujiils.  This 
record  was  made  by  Dr.  Phil  Schoggen. 
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1:21)    'Pdiii  Hciiruy  ciinip  over  from  working  willi  (Vlcstia  to  Hcii. 

As  lie  did  so,  lie  said  in  a  ver.\-  chccii'ul ,  pleasant,  yet  businesslike  way, 
"O.K.,  Brother  Benrod." 

Ben  niaile  no  response  that  I  could  see. 

Then  Tom  inisl  rapj^etl  Ben  from  his  eliair,  |)icked  him  iij)  and  jnil,  him 
(low  n  on  t  he  lloor. 

Ben  seemed  to  accept  this  as  just  what  he  had  expecte<l;  he  (lisi)layed  no 
particular  feeling  about  it. 

Xolicini;  that  lien's  shoelaces  were  unfastened,  "I'om  commented  gaily 
and  in  a  slightly  teasing  way,  "How  come  your  shoelaces  are  all  undone?" 
Ben  mumbled  ([uite  happily,  "I  didn't  do  it." 

Tom  replied  in  a  gay,  joking  and  nonchalant  way,  "Oh,  I  know,  I  know. 
You  didn't  do  it.  You  never  do  it." 

Then  Ben  said  happily,  really  enjoying  him.self,  "Elmer  did  it." 

Tom  laughed  restrainedly  and  said  knowingly,  "Oh,  Elmer  did  it,  huh? 
Yeah,  Elmer  always  does  it." 

1:30    Tom  continued  working  with  Ben's  shoelaces. 

Benjamin  talked  gaily  away  to  Tom  but  Tom  seemed  to  lie  paying  very 
little,  if  any,  attention. 

Since  he  was  not  looking  at  me  it  was  impossible  for  me  to  understand 
what  Ben  said. 

Apparently  Tom  didn't  understand  either,  f(jr  at  one  point  Tom  said 
ciuestioningly,  "Huh?" 

Ben  mumbled  something  else  still  quite  gaily. 

1:31  Celestia  came  over  and  spoke  t(j  Tom  and  Tom  replied  to  her 
question. 

Benjamin  made  no  respon.se  nor  took  any  notice  of  this  interaction. 

Tom  continued  lacing  Ben's  shoes. 

Then  Benjamin  said  something  else  to  Tom. 

I  didn't  understand  what  it  was  but  I  believe  it  was  just  pleasant  con- 
versation. 

Toiii  said  suiiicwhat  more  seriously  but  still  in  a  pleasant  way,  "How 
far  arc         Koin;?  U\  crawl  today?" 

Benjamin  mumbled.  I  couldn't  tell  for  sure  whether  he  was  responding 
to  Tom's  (luestion  or  not. 

1:32    Tom  finished  with  Ben's  shoes  and  said  gaily,  "There  you  go!" 
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Then  Tdin  picked  IJenjaiiiiii  U])  from  the  floor. 

He  stood  him  up  for  just  a  inoincut  aiul  then  jjhK'ed  him  on  the  fioor  on 
his  hands  and  knees. 

Tom  had  a  little  trouble  getting  Ben  settled  in  this  position. 

He  moved  Ben's  hands  close  together  and  straight  out  in  front  of  him. 

He  moved  Ben's  legs  so  that  he  sat  in  a  froglike  position  on  the  calves 
of  his  legs  and  his  feet. 

1:33  Olivia  walked  in  from  the  occupational  therapy  room  and  made 
a  few  gay,  happy,  cheerful  remarks  about  the  fact  that  Ben  was  going 
to  be  six  very  soon. 

Ben  looked  up  at  her  Init  made  no  other  response. 

Then  Tom  said  somewhat  seriously,  "Well,  any  little  i)oy  who's  going 
to  be  six  is  going  to  have  to  learn  to  crawl." 

With  this  Olivia  and  Tom  walked  to  the  far  end  of  the  room,  a  distance 
of  nine  or  ten  feet  which  was  established  as  the  goal  for  Ben's  crawling. 

Ben  did  not  try  to  say  anything  in  response  to  the  comments  by  Tom 
and  Olivia,  but  I'm  sure  he  understood  what  they  said. 

He  sat  on  his  hands  and  knees,  jerking  somewhat  rhythmically,  wiggling 
slightly,  apparently  tr.ving  to  keep  his  balance. 

Ben  continued  to  sit  on  his  hands  and  knees  in  this  froglike  fashion  and 
seemed  to  be  trying  to  balance  himself. 

Olivia  returned  to  the  occujiational  therapy  room  without  further 
comment  and  Tom  began  talking  with  Celestia. 

But  Ben  paid  no  attention  to  them. 

1 :34    Ben  continued  sitting  in  this  froglike  position. 

He  continued  balancing,  wiggling  slightly  as  though  he  might  be  trying 
to  crawl,  although  it  wasn't  clear  that  this  was  what  he  was  trying  to  do. 

Tom  looked  over  from  where  he  was  working  with  Celestia  and  said 
pleasantly,  with  no  irritation  or  impatience,  "Come  on,  Ben.  Let's  go." 

Ben  made  no  response. 

He  continued  his  rhythmical  jerking  and  wiggling. 
1:35    Ben's  face  assumed  a  very  serious  look. 

He  began  jerking  harder  and  wiggling  more  rhythmically  as  though  he 
were  trying  earnestly  to  crawl. 

Tom  continued  talking  with  Celestia. 
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Hut  Ben  no  allciilinii  In  thcin  at  all. 

Then  Tom  looked  over  at  lleiijuiniii  and  said  with  more  insistence  in  his 
voice,  "Come  on,  Ben.  C'ravvl.  Ivil't  those  knees  way  up.  Now,  your  left 
knee,  then  your  ri^ht ." 

Mijaiiiiii  iiiadi'  no  verbal  response  hut  it  seemed  that  he  tried  a  little 
harder,  shilling  his  weight  so  that  he  could  slip  a  knee  a  fraction  of  an 
inch  forward. 

So  far  Ben  had  imf  moved  more  than  one  or  two  inches  from  where  he 
began. 

1:3(5  Celestia,  taking  up  Tom's  previous  comment,  said,  "O.K.,  Benny. 
One,  two,"  meaning  that  Ben  should  move  his  legs  in  a  steady,  rhythmic 
fashion. 

Her  comment  was  very  pleasant  and  cheerful  and  was  not  a  demand  of 
an\-  kind. 

Ben,  as  far  as  I  could  tell,  made  no  response  to  Celestia's  remark. 
He  Continued  his  efforts  to  crawl. 

Again  Celestia  said  quite  pleasantly,  "Come  on.  One,  two." 

This  time  Ben  looked  over  at  Celestia  and  mocked  her  saying,  "One, 
two,"  imitating  Celestia's  tone  of  voice. 

Then  Ben  grunted  and  whined  just  a  little  and  tried  to  push  himself 
forward  along  the  floor. 

1:37    Ben  wiggled  and  bounced  quite  hard  again. 

The  next  11  minutes  of  the  record  describing  Ben's  efforts  to  crawl 
are  omitted. 

1 : 48    At  this  point  Ben  had  moved  al)out  six  feet  from  the  starting  place. 

Tom,  who  was  standing  just  behind  Benjamin,  said  pleasantly,  "Can 
you  see  yourself  in  the  mirror?" 

Ben  replied,  "No,"  matter-of-factly. 

Tom  said,  "Well,  turn  so  that  you  can,"  in  a  businesslike  way. 

The  mirror  w-as  directly  in  front  of  Benjamin  at  the  north  end  of  the 
room. 

It  was  about  five  feet  away  from  him. 

1:49    Benjamin  continued  struggling. 

He  made  whimpering  sounds  as  he  struggled  along. 

Tom,  still  standing  behind  him,  said  insistently,  "All  right.  Let's  go. 
Let's  go.  Keep  moving." 

Ben  continued  bouncing  and  wiggling  as  he  struggled  along. 
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He  was  roughly  seven  feet  from  his  starting  point  . 

Tom  turned  away  from  Ben  and  walked  toward  the  south  end  of  the 
room  where  Celestia  was  standing. 

1:50  Apparently  in  response  to  Tom's  leaving  him,  Ben  began  fussing 
a  little  more. 

He  made  more  and  more  noise  until  he  was  almost  crying  aloud. 

He  kept  trying,  however,  bouncing  on  his  haunches  and  pulling  with  his 
hands. 

The  more  he  tried,  the  louder  he  fussed. 
1:51    Ben  kept  fussing  and  wiggling. 

His  efforts  were  in  vain,  however;  he  had  made  no  progress  since  Tom 
went  to  the  other  end  of  the  room. 

Ben  continued  struggling. 

1:52  He  stopped,  turned  his  head  around  and  peered  back  at  Tom  at 
the  opposite  end  of  the  room. 

This  was  the  first  time  since  he  started  that  Ben  apparently  was  not 
trying  to  crawl. 

Tom,  who  was  just  standing  quietly  with  his  arms  folded,  patted  his 
foot  on  the  floor  with  impatience,  indicating  that  Ben  should  get  busy. 

Then  Ben  promptly  turned  around  and  began  trying  again  very  hard. 

Again  Ben  whimpered  very  intensively,  just  on  the  verge  of  crying. 

1:53    Ben  wiggled  and  bounced. 

Five  minutes  of  the  record  are  omitted. 

1:58  Tom  came  to  the  north  end  of  the  room  and  moved  the  mirror  out 
of  the  way. 

Then  Tom  pointed  with  his  toe  to  a  line  on  the  floor  and  said  seriously, 
"All  right,  Ben,  get  up  to  this  line  and  then  I'll  put  you  in  your  chair. 
Let's  go,  now." 

This  was  said  somewhat  hopefully  and  with  real  promise  in  his  voice. 

1:59    Ben  tried  with  renewed  effort,  it  seemed. 

He  bounced,  wiggled  vigorously  and  cried  with  a  little  restraint. 

Ben  was  extremely  involved  in  this  and  his  efforts  had  been  continuous 
from  the  very  beginning  except  for  the  one  point  mentioned. 

He  continued  now,  wiggling,  fussing,  and  crying  as  he  tried  to  reach  the 
point  which  Tom  designated. 
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With  all  tho  oxcrtion  Boii  began  coUKliiiiK  a  little. 
As  he  coughed  he  relaxed  his  elTorts  somewhat. 

The  line  to  whicli  Tom  had  pointed  was  about  two  feet  away  from  Ben. 

2:00  Saline  Cutton  stepped  into  the  doorway  between  the  physical 
therapy  room  and  the  classroom  and  made  a  very  bitter  comment  about 
a  little  boy  who  insisted  on  acting  like  a  baby,  saying  that  she  was  so 
tired  of  it  she'd  like  to  throw  him  in  the  lake. 

She  was  obviously  talking  aliout  Benjamin. 

Ben,  however,  made  no  response. 

I'm  not  even  sure  that  he  heard  her. 

He  continued  his  wiggling  and  bouncing,  trying  to  get  to  the  line. 

Olivia  and  Hilda  came  slowly  through,  going  from  occupational  therapy 
into  the  classroom. 

As  Olivia  neared  Benjamin,  she  jumped  over  him,  put  one  foot  on  each 
side  and  came  down  very  hard  making  quite  a  noise. 

This  she  did  in  a  very  joking,  good-natured  way. 

Benjamin  made  no  response  to  this  but  kept  trying  earnestly  to  get  to  the 
line. 

Olivia  went  on  into  the  classroom. 
Ben  ha.d  managed  by  this  time  to  cover  about  half  the  distance. 

o     2:02    He  reached  his  hand  out  as  far  as  he  could,  pointed  to  the  line  and 
looked  up  questioningly  at  Tom. 

o     Tom,  who  was  standing  just  on  the  other  side  of  the  line,  looked  down 
^     and  said,  "No,  no.  Now  cut  that  out.  That's  fudging.  You've  got  to  get 
^     all  the  way  up  to  the  line.  You've  got  to  get  your  arms  across  and  get 
your  knees  almost  up  there,  about  halfway  across." 

\ 

This  was  said  in  a  more  kindly,  explanatory  w^ay. 

Benjamin  resumed  his  struggling,  wiggling  and  bouncing  as  he  tried  to 
reach  the  required  goal. 

After  just  a  little  more  effort,  Tom  said,  "O.K.,"  with  finality. 

Then  Tom  went  to  the  other  end  of  the  room  and  brought  Ben's  chair 
back. 


Ben  relaxed  visibly  and  just  sat  waiting  quietly. 
Tom  rolled  the  chair  up  to  Benjamin. 

2:03  Tom  picked  Benjamin  up  and  set  him  down  rather  forcefully  in 
his  chair. 
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'riicn  ;is  Tom  began  strapping  Ben  in  his  chair,  Tom  gave  Ben  a  lecture 
about  what  was  going  to  happen  tomorrow  if  Ben  insisted  on  continuing 
with  his  fussing  and  crying  while  he  was  in  physical  therapy. 

He  told  Ben  that  he  just  wasn't  going  to  have  any  n^ore  of  this  whimper- 
ing and  fussing  and  that  if  he  came  in  tomorrow  and  started  whimpering 
and  fussing  tiiey  would  go  to  the  bathrfjom  and  Ben  knew  what  would 
hai)pon  then. 

"Going  to  the  bathroom"  means  a  spanking. 

He  told  Ben  that  he  was  just  getting  lazier  and  lazier  and  he  was  going 
to  have  to  snap  t)ut  of  it. 

Tom  was  quite  critical  and  very  .serious. 

There  was  no  attempt  to  be  good-natured  or  to  gloss  over  the  criticism. 
It  was  straightforward  and  almost  liitter. 

Ben  made  no  observable  response  to  this  lecture.  I'm  sure,  however, 
tliat  he  understood  everything  Tom  said. 


Then  Tom,  having  finished  strapping  Ben  in  the  chair,  took  hold  of  the 
back  of  the  chair  and  shoved  Ben  out  of  the  room  with  haste  and  dis- 
patch. 

He  rolled  him  quickly  u]j  the  ramp  and  took  him  into  the  classroom  where 
he  left  him. 

This  is  a  segment  of  behavior  wliich,  however,  continued  minutes,  hours,  and 
days,  even  years  l)efore  and  after  the  actions  described.  The  question  to  be  de- 
termined is  whether  it  comprises  one  or  several  units  of  Ben's  behavior  con- 
tinuum, or  if  it  is  a  behavior  tessera.  The  analyst  of  the  record  identified  the 
behavior  units  which  are  marked  along  the  record.  These  are  structural-dy- 
namic units  which  have  been  called  behavior  episodes.  They  have  as  a  common 
feature  that  behavior  is  directed  throughout  the  course  of  each  episode  toward 
a  single  end-state  or  goal;  the  nature  of  the  goals  and  of  the  kinds  of  actions 
that  occur  within  the  episodes  are  not  relevant  to  their  identification.  The  defi- 
nition of  epi.sodes,  techniques  for  identifying  them,  and  studies  of  their  proper- 
ties and  frequency  of  occurrence  are  presented  in  a  number  of  publications  (2, 
3,4). 

Material-content  units  are  also  present  in  this  record;  within  the  episodes 
Ben's  behavior  was  by  no  means  imiform;  different  "kinds  of  behavior"  can  be 
identified.  During  the  long  episode  of  crawling,  for  example,  there  were  inter- 
vals when  Ben  sat  on  his  haunches,  when  he  bounced  and  struggled,  when  he 
fussed  and  whimpered,  when  he  was  silent.  Each  of  these  was  a  naturally  oc- 
curring part  of  Ben's  behavior,  and  therefore  each  constituted  a  kind  of  behav- 
ior unit,  in  this  case  identified  by  the  material-content  properties. 

Concepts  and  Theories  for  Ecological  Behavior  Data.  Some  psychologists 
have  been  greatly  concerned  with  fundamental,  "natural"  behavior  units  from 
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a  theoretical  viewpoint.  Tolman,  Murray,  Lewin,  Meunzinger,  Newcomb,  for 
example,  give  a  prominent  place  to  the  definition  of  a  unit  of  behavior  struc- 
ture. The  units  with  which  all  of  these  writers  deal  are  constructs  defined 
within  the  framework  of  theories;  or,  in  some  cases,  the  unit  is  an  axiom  upon 
which  a  whole  system  is  based.  One  finds  that  these  writers  illustrate  behavior 
units,  but  that  the  taxonomy  and  distribution  of  behavior  units  are  not  pre- 
sented by  them  as  omiiirical  pi'oblems  for  the  sciences  of  behavior. 

ECOLOGICAL  METHODS:   THE  PRESENT  SITUATION 

It  is  understandable  why  psychology  has  not  been  zealously  inclined  toward 
ecological  methods  and  behavior  taxonomy  in  view  of  the  problems  they  pre- 
sent. Some  indication  of  the  place  of  ecological  methods  in  the  behavior  sci- 
ences is  provided  by  the  methods  in  common  use.  Tests,  interviews,  question- 
naires, and  experiments  are  dominant,  and  all  of  these  methods  are  designed, 
precisely,  to  destroy  the  naturally  occurring  conditions  of  subjects'  lives  and  to 
substitute  for  them  new  situations  prescribed  by  the  investigator.  Wright  (3) 
analyzed  the  methods  used  in  a  sample  of  1409  studies  of  child  and  adolescent 
behavior  published  in  the  68-year  period  1890-1958  and  found  110  "observa- 
tional" studies  in  the  sample,  i.e.,  studies  resting  "upon  direct  observation  .  . . 
of  naturally  occurring  things  and  events"  (p.  71) .  By  no  means  were  all  of  these 
ecological  studies  as  defined  here;  nonetheless,  Wright's  survey  provides  evi- 
dence that  non-experimental  approaches  to  behavior  are  not  absent.  It  is  inter- 
esting to  note  that  the  frequency  of  observational  studies  is  negatively  related  to 
the  subjects'  ages:  of  643  studies  on  preschool  children,  104  (16  per  cent)  were 
observational  studies,  while  three  of  430  studies  of  adolescents  (0.7  per  cent) 
used  observational  methods. 

This  state  of  affairs  has  a  curious  and  significant  consequence  for  psychology 
at  the  present  time.  There  is  but  one  word  for  all  structural  units  of  its  phe- 
nomena; this  word  is,  of  course,  behavior.  Behavior  designates  everything  from 
reflex  activity  to  the  course  of  empire.  Psychology  has  its  subdivisions,  and 
they  have  names;  but  the  subdivisions  have,  in  general,  a  different  relation  to 
the  structure  of  its  material  than  is  true  of  nonpsychological  sciences.  Thus,  in 
biology,  we  find  cytology,  genetics,  neurology,  and  endocrinology,  for  example, 
sciences  that  are  defined  in  terms  of  structural  units  of  biological  material.  The 
same  is  true  in  the  physical  sciences,  where  subdivisions  varying  from  atomic 
physics  to  astronomy  are  concerned  with  different  units  of  physical  material. 
In  psychology,  however,  except  for  "reflex"  and  perhaps  for  "personality,"  we 
lack  words  for  different  structural  units  of  psychological  phenomena.  Our  des- 
ignation of  the  subdivisions  of  psychology  rests  upon  partial,  quality-like 
characteristics  of  behavior  rather  than  upon  its  structural  divisions.  In  Stevens' 
handbook,  for  example,  there  are  chapters  upon  such  topics  as  emotion,  learn- 
ing and  retention,  cognitive  processes,  work  and  motor  performance,  vision, 
audition,  taste,  smell,  and  vestibular  functions  (5).  Each  chapter  splits  off,  so 
to  speak,  from  complete  structural  units  of  behavior  single  aspects  for  special 
consideration.  On  the  other  hand,  if  we  look  at  a  physiological  textbook  we 
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find  that  a  good  share  of  the  chapters  refer  to  particular  kinds  of  units  with 
which  physiologists  deal:  with  the  heart,  the  kidneys,  the  bones,  and  the  skin, 
for  example.  As  a  matter  of  fact,  l)oth  the  jihysiological  and  the  psychological 
chapters  of  Stevens'  handbook  center  aljout  units  of  anatomy,  not  units  of  be- 
havior: the  neuron,  the  synapse,  the  endocrine  glands,  the  eye,  the  ear,  etc. 

It  is  an  interesting  question  why  psychology  has  not  been  concerned  with  the 
parts  and  pieces  in  which  behavioral  material  comes,  since  it  has  devoted  so 
much  attention  to  the  formation  of  perceptual  units  of  the  physical  world. 
This  neglect  may  be  a  result  of  the  precocious  growth  of  the  science.  Psychol- 
ogy almost  completely  skijipcd  the  descriptive  i)hase  which  is  emphasized  in 
the  early  stages  of  most  science;  it  had  experimentalists  and  testers,  it  had  its 
Wundt,  its  Ebbinghaus  and  its  Binet  before  it  had  its  Vesalius,  its  Linnaeus 
or  its  Cuvier;  in  fact  psychology  has  not  yet  had  its  Vesalius.  Psychology 
must  be  alone  among  the  sciences  in  having  almost  nothing  to  say  about  the 
occurrence  of  its  phenomena  in  nature.  If  one  wants  to  know  about  the  distri- 
bution among  men  of  long  and  of  short  units  of  behavior,  of  anger  outbursts, 
of  happy  periods,  of  frustrating  experiences,  for  example,  one  certainly  should 
not  turn  to  the  scientist  of  behavior;  he  knows  little  more  about  these  matters 
than  laymen.  It  is  interesting  to  note,  however,  that  some  specialized  behavior 
sciences  have  been  concerned  with  the  units  of  behavior;  this  is  a  central  prob- 
lem, for  example,  in  the  language  sciences  and  in  musicology. 

Despite  the  meager  use  of  ecological  methods  there  has  nonetheless  been 
considerable  reconnaissance  of  ecological  problems.  For,  while  the  distinction 
between  ecological  and  experimental  methods  can  be  made,  in  principle,  actual 
scientific  procedures  cannot  be  so  easily  catalogued.  The  relative  emphasis 
placed  upon  ini^ut  and  feedback  varies  greatly,  so  that  there  occurs,  in  fact,  a 
continuum  from  pure  ecological  methods,  with  no  feedback  whatsoever,  to 
highly  precise  experimental  techniques  in  which  both  input  and  feedback  are 
carefully  controlled. 

Among  the  quasi-ecological  methods  there  are  many  kinds  of  interviews. 
There  are  interviews  where  the  person  inter-\-iewed  is  asked  to  report  his  opin- 
ions, attitudes,  or  knowledge,  i.e.,  to  behave  under  conditions  imposed  by  the 
interviewer.  For  example: 

You've  read  articles  claiming  that  cigarette  smoking  makes  it  more  likely  that  a  person 
will  get  lung  cancer.  What  do  you  think? 

This  is,  in  essence,  an  experiment.  But  there  are  interviews  that  use  the  person, 
himself,  or  an  associate,  as  an  observer,  in  retrospect,  i.e.,  as  a  source  of  infor- 
mation about  past  behavior.  Elicited,  retrospective  reports  range  from  those  in 
which  an  informant  describes  his  own  or  another's  behavior  as  it  was  in  the 
immediate  past  or  years  before  (e.g.,  mothers'  reports  upon  their  own  and 
their  children's  behavior)  ;  and  they  range  from  reports  about  very  restricted 
aspects  of  behavior  {e.g.,  voting  behavior)  to  very  general  behavior  descrip- 
tions (e.g.,  biography  or  autobiography). 
Retrospective  ecological  data  obtained  by  interview  are  necessarily  used 
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widely  in  law  courts,  in  s('curiii<j;  medical  case  histories,  and  in  j)ersonal  coun- 
seling. Their  deficiencies  for  these  ])iu-])oses  arc  <>;enerally  well  known  and  ef- 
forts to  verify  the  information  they  provide  are  continually  made.  Despite 
their  limitations  i-etros])ective  I'cports  will  always  be  used  in  these  cases  be- 
cause other  data  are  not  available.  However,  as  elected  sources  of  scientific 
data,  it  is  well  to  keep  in  mind  the  shortcomings  of  I'ctrospective  interview 
data.  They  are  especially  liable  to  observation  and  memory  distortions,  and  to 
transmission  errors.  Take  the  case,  for  example,  of  a  mother's  report  of  how 
she  dealt  with  her  child  and  how  he  responded  a  day,  a  week,  a  month,  a  year, 
or  five  years  earlier.  In  this  case  one  deals  1)  with  observations  niatle  by  an 
untrained,  emotionally  involved  person;  2)  with  memory  traces  distorted  to  an 
unknown  degree  by  forgetting,  repression,  and  confabulation;  and  3)  with  in- 
formation altered  in  vmknown  ways  within  a  transmission  system  that  connects 
the  report  of  the  inter\'iewce  and  the  data  on  the  page  before  tlic  investigator. 
Here  is  one  complete  process: 

I.  An  untrained  observer 

(1)  makes  casual  observation,  and 

(2)  retains  its  traces  in  his  memory  for  x  yenrs  when  he 

(3)  tells  it  to  an 
II.  interviewer,  who 

(4)  writes  it  in  his  notes,  and  later 

(5)  dictates  it  to  a 

III.  recording  machine,  which 

(())  transmits  it  to  a 

IV.  typist,  who 

(7)  prepares  a  typescript  for  an 
V.  editor,  who 

(8)  edits  the  record  and  returns  it  to  the 
VI.  typist,  who 

(9)  prepares  a  second  typescript  and  gives  it  to  a 
^'11.  coder,  who 

(10)  codes  the  content  of  the  record  and  passes  it  to  a 
^'III.  puncher,  who 

(11)  punches  the  code  onto  cards  and  gives  them  to  a 
IX.  sorter,  who 

(12)  prepares  the  distributions  and  delivers  the  data  to  the 
X.  investigator,  for 

(13)  final  analysis  and  interpretation. 

This  is  an  extreme  case,  but  often  four,  five,  six,  even  nine  different  inter- 
mediaries and  six,  seven,  eight,  even  twelve  different  transmission  processes 
intervene  l)etween  a  fallible  observation  and  the  data  available  for  final  analy- 
sis. A  zoologist  who  attempted  to  identify  and  analyze  a  specimen  on  the  basis 
of  a  report  from  a  field  worker  w'ho  obtained  the  description  from  a  farmer 
who  told  from  memory  what  he  had  seen  two  years  previously  would  surely 
have  reservations.  When  we  use  such  behavior  data  are  we  also  studying 
Abominable  Snowmen?  Or  is  the  situation  different? 

In  some  cases  the  situation  may,  in  fact,  be  different.  These  are  cases  where 
the  reports  of  informants  are  intended  to  provide  a  general  picture  of  the  sub- 
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ject's  personality  characteristics,  not  details  of  his  behavior.  Indeed,  it  is  some- 
times difficult  to  determine  if  a  retrospective  investigation  is  an  ecological 
study  of  behavior  and  its  contexts  or  a  study  of  personality.  When  significant 
correlations  are  obtained  between  mothers'  reports  of  their  own  behavior  vis- 
a-vis their  children  and  the  children's  observed  behavior  at  a  later  time,  the 
mothers'  reports  have  empirical  predictive  validity,  even  if  the  independent 
variable  is  not  known:  whether  it  is  particular  actions  of  the  mother,  her  gen- 
eral personality  traits,  environmental  conditions  common  to  mothers  and 
children,  or  genes  common  to  mothers  and  children.  Miller  and  Swanson  dis- 
cuss issues  of  this  kind  in  connection  with  retrospective  interview  data  (6) . 

Quasi-ecological  techniques  include  many  procedures  for  making  samples  of 
behavior  observations.  A  common  one  involves  tallying  the  occurrences  of  de- 
fined behavior  attributes  within  observation  periods  of  predetermined  dura- 
tion at  predetermined  times,  e.g.,  tallying  the  occurrence  of  the  restless  move- 
ments, or  the  aggressive  acts  of  a  subject  during  one,  three,  or  five-minute 
periods  of  observation  made  at  sixty-minute  intervals.  In  another  commonly 
used  technique,  narrative  records  of  behavior  are  made  during  designated 
periods.  These  methods  may  be  regarded  as  providing  minimal  ecological  data; 
it  has  been  pointed  out,  however,  that  they  alter  natural  behavior  in  unknown 
ways  by  ignoring  its  temporal  dimension  and  or  destroying  its  simultaneous 
complexity. 

However,  quasi-ecological  methods  are  very  often  entirely  adequate  for  the 
problems  for  which  they  are  used.  These  can  never  be  "pure"  ecological  prob- 
lems, but  not  all  legitimate  and  important  ecological  problems  must  involve 
the  whole  spectrum  of  behavior  and  its  context  (7) . 

The  most  adequate  ecological  data  at  the  present  time  are  provided  by  sound 
motion  pictures  (or  television  tapes j  and  by  verbal  narrative  records  made  by 
trained  observers.  But  even  these  methods  are  by  no  means  perfect.  Both  a 
camera  and  an  observer  can  be  disrupting.  This  raises  the  technical  problems 
of  reducing  observer  interference  and  of  making  allowances  for  that  which 
remains.  Ways  of  reducing  interference  are  to  prepare  for  the  observation  1) 
by  explaining  the  purposes  of  the  procedures  to  the  subject,  2)  by  accustoming 
the  subject  to  the  procedures,  3)  by  training  observers  in  non-interfering  tech- 
niques and  arranging  cameras  and  their  controls  most  appropriately  and  4) 
by  limiting  observational  procedures  to  situations  where  they  are  effective. 
From  the  earliest  days  of  systematic  use  of  observers  and  cameras  for  record- 
ing the  behavior  of  children,  it  has  been  repeatedly  demonstrated  that  these 
procedures  will  make  children  almost  oblivious  to  observers  and  cameras. 

Probably  most  important  for  future  ecological  work  in  educational  and 
medical  institutions  is  the  development  of  ethical  standards  for  the  making 
and  use  of  observational  and  photograjihic  records  and  the  fostering  of  their 
acceptance  as  routine  i)rocedures. 

Photographic  records  have  both  shortcomings  and  advantages.  The  technical 
difficulties  of  photographic  records  are  well  known;  more  important  for  sci- 
entific ecological  records  are  some  other  difficulties.  For  the  understanding  of 
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inolur  Ix'liavior  and  its  context,  more  is  ol'tcii  ticcdcil  lliaii  the  lens  and  film 
are  able  to  record.  Behavior  always  occurs  with  reference  to  only  a  portion  of 
the  multiplicity  of  tilings  and  events  surrounding  the  person.  This  hehavior- 
and-context  foiins  a  pattern,  a  figure,  against  the  nonrelevant  background, 
and  it  can  be  seen  and  described  by  an  observer.  The  camera  cannot  be  thus 
selective.  Also,  the  behavior-and-context  is  often  not  limited  to  the  iiniuedi- 
ately  contiguous  areas  which  is  all  that  the  camera  sees;  what  is  behind  the 
camera  and  out  of  the  limited  range  of  its  lens  is  lost.  On  the  other  hand,  less 
is  required  than  tlie  camera  records  within  the  area  where  it  operates;  it  pro- 
vides much  more  di'tail  than  is  needed  for  many  problems,  and  the  task  re- 
mains, after  the  film  is  made,  of  selecting  what  is  significant  from  the  vast 
amount  of  material.  The  advantages  of  the  filmed  record  lie  in  the  preservation 
of  molecular  details  which  are  lost  in  verbal  accounts  and  the  opportunity  the 
film  provides  the  investigator  to  go  back  and  "look  again";  these  are  crucial 
advantages  for  some  investigations. 

A  verbal  narrative  has  certain  technical  advantages  as  a  system  for  record- 
ing individual  behavior  on  the  level  of  molar  actions.  Some  of  these  advantages 
derive  from  a  narrative's  own  characteristics  as  behavior:  it  is  continuous,  as 
behavior  is  continuous,  and  in  this  respect  is  isomorphic  with  the  behavior 
continuum.  Also,  language  has  symbol  systems  for  directed  actions,  and  for 
representing  single  and  multiple  channels  of  action.  The  vast  number  of  tem- 
poral, relational,  and  linking  terms,  and  the  vaster  number  of  terms  describing 
behavior  attributes  make  language  invaluable  for  recording  the  behavior.  Lit- 
erary language  has  been  suspect  as  a  tool  for  science,  and  the  effort  to  achieve 
greater  precision  via  formulae,  graphs,  numbers,  meter  readings,  photographs, 
etc.  continues.  However,  rich,  descriptive  language  is  at  the  present  time  the 
recording  medium  par  excellence  of  the  stream  of  behavior  and  it  appears  that 
it  is  likely  to  remain  so.  Not  the  least  advantage  of  a  narrative,  a  specimen 
record,  is  that  it  requires  no  special  equipment  or  unusual  technical  skill.  It 
does,  however,  require  training  to  make  good  records,  but  medical  personnel 
on  many  levels  can  learn  to  do  this.  The  potential  value  of  specimen  records  is 
suggested  by  the  following  record  of  a  medical  examination  and  conference  in- 
volving 3V2  year  old  Raymond  Gibbons,  his  father,  and  Dr.  Ellington.  This 
specimen  record  was  made  by  Louise  Shedd  Barker. 

As  we  went  into  the  doctor's  office,  the  father  carried  Raymond  and  put 
him  on  the  examining  table. 

The  father  said,  "Boy,  he  has  an  awful  time  sleeping." 

Dr.  Ellington  said,  "Well,  he's  got  an  obstruction.  You  can  see  the 
adenoidal  tissue  that  we  call  tonsils  and  you  can  see  that  they're  swol- 
len; but  all  the  other  adenoidal  tissue  that  you  can't  see  is  also  swollen, 
and  he  does  have  a  hard  time  breathing." 

The  doctor  said,  "Open  big  now,  come  on  boy,  open  big,"  as  he  put  a 
tongue  depressor  between  Raymond's  teeth. 
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Raymond  didn't  open  liis  mouth  adequatply,  and  liis  father  urged  him, 
"Come  on,  open  up  your  mouth  now." 

Raymond  responded  to  the  command  and  the  tongue  depressor. 

The  doctor  looked  down  his  throat  and  said,  "It's  worse  than  ever." 

Then  lie  added,  "He's  had  his  primai  v  immunization  shots  hasn't  he, 
diphtheria,  tetanus  and  all  those?" 

The  father  said,  "Yes,  he  has." 

And  the  <ioctor  said,  "It  almost  looks  like  a  diphtheria  throat." 

The  doctor  continued,  "You're  not  out  of  the  Chloromycetin  yet  are 
you?  You  have  some  left?" 

The  father  answered,  "I  think  we  have  enough  for  today." 

All  during  the  examination  and  conference,  Raymond  was  very  active; 
he  was  wiggling  on  the  table;  later  when  he  was  off  the  table  he  was  try- 
ing to  get  at  things  in  spite  of  his  father's  effort  to  restrain  him. 

Then  the  doctor  said,  "This  time  I'm  going  to  see  him  every  time  he 
runs  out  of  medicine,  even  if  it  means  .seeing  him  every  tw'o  or  three 
days.  If  we  were  in  a  big  teaching  hospital  we  would  put  some  of  that 
throat  scraping  on  Petri  dishes  and  then  we'd  try  out  all  the  different 
drugs,  that  is  all  the  antibiotics,  and  .see  which  one  would  work.  But  in 
the  country  like  this  we  have  to  work  in  the  dark,  sometimes.  We  have  to 
do  a  certain  amount  of  guessing. 

"Now  your  wife  has  me  really  worried  about  this  boy,  and  I'm  doing 
just  the  best  I  can.  You  can  see  he's  not  toxic,  he's  not  sick.  But  he  does 
have  this  bad  obstruction,  however  it's  really  no  worse,  in  fact  it  will  be 
hard  to  determine  when  it  gets  a  little  better." 

The  father  mentioned  the  fact  that  Raymond  has  lots  of  phlegm  that 
comes  out  of  his  no.se. 

Dr.  Ellington  ignored  this  comment  and  went  on  to  say,  "Of  course,  it 
might  be  a  virus  and  then  the  antibiotics  don't  mean  much,  or  it  might 
be  a  staphylococcus  which  is  resistant  to  the  antibiotics.  If  the  child 
seemed  droopy  and  feverish  instead  of  just  a  jack-in-the-box  and  active, 
I  would  think  we  ought  to  send  him  to  the  hospital  now. 

"Now,"  Dr.  Ellington  continued  emphatically,  "I'm  going  to  write  a 
prescription  and  this  time  I  want  him  to  take  it  every  four  hours.  Do 
you  know  how  often  he  takes  his  medicine  now?" 

Mr.  Gibbons  said,  rather  uncertainly,  "I  think  every  four  hours." 

Dr.  Ellington  said,  "Sometimes  I  give  it  every  six  hours,  but  in  this  case, 
I  want  him  to  take  it  every  four.  His  tonsils  are  just  meeting  at  the 
midline  and  I  don't  know  how  he  eats." 

Mr.  Gibbons  said,  "Well,  he  doesn't  eat  very  much,  he  ate  an  egg  at  1:30 
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t  his  indi  iiing  liccausc  that  was  what  he  waiif  iMj,  Init  he  (IdP.sn't  cat  a  lot ." 

The  doctor  said,  "That's  home  service  for  you;  lie  wouldn't  ff't  tliat  in 
a  hospital.  Give  him  as  nuich  liquid  as  you  can." 

Then  Ur.  JOilington  said,  "This  time  I'm  going  to  do  something  I  rarely 
do,  as  usually  I  like  to  consider  the  expense,  but  I  want  to  see  him  every 
two  or  three  days,  every  time  when  he  is  out  of  medicine. 

"I  think  wo  can  go  back  and  see  where  we  fouled  up.  When  you  first 
came  in  on  the  27th,  I  gave  a  cheaper  drug,  one  that  isn't  as  potent  as 
the  one  he  has  now,  one  that  I  sometimes  use  if  I'm  trying  to  save  the 
people  some  money,  and  it  just  seemed  to  me  as  though  you'd  had  one 
or  the  other  of  the  children  in  about  every  other  week. 

"On  January  2nd,  I  saw  him  again  and  gave  him  Chloromycetin,  and 
on  January  7th,  he  was  reported  as  almost  well  and  instead  of  seeing  him 
as  I  should  have  I  assumed  the  same  thing  would  happen  that  happens 
with  most  children;  that  is,  that  nature  would  take  over  and  that  he 
W(juld  go  (m  getting  better. 

"Instead  of  that  he  had  this  other  flare-up  and  got  much  worse  again. 
If  he  doesn't  improve  in  these  next  three  days  we  may  send  him  to  the 
University.  It  wouldn't  do  any  good  to  send  him  to  Longmont  because 
they  don't  have  the  lab  set  up." 

Then  Dr.  Ellington  asked,  "Is  his  breathing  any  better  than  it  was  the 
last  time  I  saw  him?" 

Mr.  Gibbons  said,  "Well,  he  breathes  and  sleeps  better  through  the  day 
and  at  night  he  seems  to  have  most  trouble;  he'll  sleep  a  little  while  and 
wake  up  and  be  all  choked  up." 

Dr.  Ellington  said,  "We  all  breathe  better  standing  up,  its  just  the  way 
our  anatomy  is  made,"  and  he  touched  his  own  chest  as  he  spoke. 

"One  thing  you  can  do  is  to  raise  the  whole  head  of  the  bed,  put  the 
springs  up  on  books  or  something.  Not  so  far  that  he  will  slide  down,  but 
enough  so  that  he  is  supported  and  stays  up." 

Raymond  was  in  constant  motion  though  his  father  kept  restraining 
arms  around  him. 

Again  ]3r.  Ellington  said,  "He  certainly  doesn't  act  sick,  he  doesn't 
act  the  least  bit  droopy.  You  can't  help  but  get  excited  when  you  look 
at  that  throat  and  see  all  that  exudate,  all  pussy  and  scummy. 

"But,"  he  said,  "we'll  w-ait  and  see,  most  youngsters  if  you  just  get 
them  over  the  hump  then  they'll  go  on  the  rest  of  the  way;  but  that 
isn't  the  way  it  was  with  him." 

Then  Dr.  Ellington  again  commenting  on  Raymond's  behavior  said, 
"He  acts  like  somebody  gave  him,"  and  mentioned  by  name  a  couple  of 
stimulants,  "is  he  like  this  all  the  time?" 

Then  he  addressed  the  boy  and  said,  "Slow  down,  boj^  slow  down,  sit 
quiet,  don't  you  know  you're  having  trouble  breathing?" 
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At  this  time  Dr.  Ellington  handed  the  prescription  to  Mr.  Gibbons  and 
said,  "Now  take  him  home  and  put  hitn  in  solitary." 

Mr.  Gibbons  took  the  prescription,  ])icked  up  Raymond  as  he  said  ''Good- 
bye" to  Dr.  Ellington. 

The  aim  of  the  jihysician  is  to  understand  the  patient  whole  and  in  the  full- 
ness of  his  natural  environment.  Although  procedures  which  dismantle  the  pa- 
tient and  describe  his  minutest  parts  in  special,  contrived  situations  are  essen- 
tial steps  in  this  grand  design,  at  some  point  it  is  necessary  to  make  use  of 
tender,  sensitive  non-interfering  techniques  for  investigating  the  patient's 
larger  systems,  and  finally  the  whole  man.  This  is  an  ecological  problem,  and 
in  the  case  of  the  whole  man,  behavior  is  the  paramount  phenomenon.  Both 
medical  research  scientists  and  medical  practitioners  have  an  opportunity  here. 
The  incorporation  into  medical  records  of  full  descriptions  of  the  behavior  and 
living  conditions  of  patients  (in  the  consulting  room,  in  the  sick  room  of  the 
hospital  and  at  home,  in  the  operating  room,  and  in  the  treatment  situation) 
can  do  much  to  disclose  when  communication  between  doctor  and  patient  suc- 
ceeds and  when  it  fails,  and  to  reveal  why  treatment  regimens  are  sometimes 
carried  through  and  why  they  sometimes  miscarry.  Furthermore,  by  bringing 
the  great  descriptive  skills  of  medical  experience  to  bear  upon  the  behavioral 
side  of  illness,  medicine  can  make  an  important  contribution  to  the  behavioral 
sciences.  Medically  trained  men  have  made  such  contrilnitions  in  the  past.  Here 
is  another  opportunity ;  the  ecology  of  human  behavior  is  in  the  beginning 
stages. 
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CIini<'al  Observation  in  Hippocrates:  An  Essay  on  the 
Evolution  <»r  I  lie  r)ia«!;noslie  Art 

RUDOLPH  E.  SIEGEL,  M.D. 

Buffalo,  New  York 

In  1804,  the  twelfth  year  of  the  French  Revohition,  Rene  Theophile  Hya- 
cinthe  Laennec  submitted  to  the  Medical  School  of  the  University  of  Paris 
a  doctoral  dissertation  titled  "Propositions  Concerning  the  Hippocratic  Doc- 
trine in  Relation  to  Practical  Medicine"  (1).  Despite  the  tremendous  political 
and  intellectual  upheavals  of  this  period,  Laennec,  who  was  later  to  invent  the 
stethoscope,  was  inspired  by  the  medical  writings  of  the  Hippocratic  corpus  of 
the  fourth  century  B.C.,  a  collection  which  includes  many  writings  com- 
posed by  Hipjjocrates  himself,  as  well  as  several  contributions  attributable  to 
the  school  of  Cnidos,  and  some  which  apparently  had  other  origins. 

The  first  proposition  in  Laennec's  thesis  reads  as  follows : 

"The  only  method  of  acquiring  sohd  knowledge  of  medicine  is  in  refusing  princi- 
ples not  proven  by  a  great  number  of  specific  facts,  by  a  thorough  study  of  the 
character  and  course  of  diseases  and  by  the  results  of  therapy  based  on  observa- 
tion of  similar  cases.  Hippocrates  said  that  this  method  was  known  long  before 
his  time  and  he  considered  it  the  only  way  to  real  discoveries"  (2). 

It  is  instructive  to  look  back  and  see  what  the  writings  of  Hippocrates  contain 
that  is  valuable  to  us  nowadays. 

ANAMNESIS  AND  PHYSICAL  EXAMINATION 

Hippocrates  felt  that  the  taking  of  a  patient's  history  by  intelligent  ques- 
tioning was  the  first  step  to  diagnosis.  In  the  present  era,  when  stereotyped 
history  chart.s  begin  to  replace  the  searching  questions  of  the  physician,  his 
advice  is  especially  timely: 

"Leave  nothing  to  chance,  overlook  nothing;  combine  contradictory  observa- 
tions and  allow  yourself  enough  time"  (3). 

Hippocrates  stated  ihat  a  lay  person  could  possibly  give  an  approximate  de- 
scription by  careful  compilation,  but  "much  of  what  the  physician  should  know 
besides,  without  the  patient's  telling  him,  would  be  omitted"  (4) . 

His  examination  of  the  patient  w-as  probably  more  thorough  than  written 
case  histories  reveal : 

"It  is  appropriate  to  submit  the  body  of  the  patient  to  careful  observation,  using 
one's  sight,  ear,  sense  of  taste,  smell  and  touch,  and  the  power  of  reasoning" 

(5)  "One  should  pay  attention  to  the  first  day  the  patient  felt  weak;  one 

should  inquire  why  and  when  it  began.  These  are  the  key  points  to  keep  in  mind. 
After  these  questions  have  been  cautiously  considered,  one  should  ask  the  patient 
how  his  head  feels,  if  he  has  any  pain  or  if  he  feels  heavy.  Then  one  should  ex- 
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amino  him  for  pain  in  the  area  below  the  (liai)hiag:m  or  in  the  pleura;  if  the 
muscles  of  tiie  hypochondrium  are  tender  or  of  normal  tension;  if  the  abdomen 
appears  equal  on  both  sides,  or  if  it  feels  full.  In  refiard  to  the  chest,  one  should 
ask  the  patient  if  he  has  pain  there  and  if  he  has  a  slight  cough,  with  pain  in  the 
abdomen  when  he  coughs.  One  should  also  ask  the  patient  whether  he  feels  a 
twist  or  pain  in  the  bowel.  When  one  of  these  symptoms  arises,  especially  in  the 
hypochondrium,  one  should  evacuate  the  bowel  with  an  enema  . . .  The  physician 
should  then  ask  whether  the  patient  feels  faint  when  getting  up  and  can  breathe 
easily.  One  should  examine  the  stools  to  see  if  they  are  deep  black  or  look  normal. 
One  should  watch  if  the  fever  becomes  acute  on  the  third  day.*  In  such  cases 
examine  the  patient  very  carefully  on  the  third  da.y  and  look  for  other  symp- 
toms" (6). 

The  ancient  writer  also  indicated  a  number  of  danger  signals  and  other  im- 
portant signs  which  tlie  physician  shoukl  anticipate.  He  paid  special  attention 
to  the  type  of  respiration,  to  the  evacuations,  and  to  the  patient's  mental  state. 
He  carefully  ol)served  the  liands,  nostrils,  and  tongue  and  he  looked  for  other 
signs  too  numerous  to  cite.  He  was  confident  that  the  physician  woiUd  gradually 
accumulate  enough  experience  to  foretell  the  ultimate  outcome  of  an  illness  and 
to  be  al)le  to  predict  impending  death  many  days  in  advance.  The  ancient 
physician  refused,  as  a  rule,  to  attend  patients  with  a  hopeless  prognosis  since 
he  had  no  remedy  to  offer. 

MILIEU  EXTERIEUR 

Many  passages  in  the  Hippocratic  writings  suggest  that  the  review  of  the 
patient's  history  and  the  physical  examination  w'ere  not  separate  procedures  as 
is  the  case  nowadays.  Ancient  physicians  paid  close  attention  to  the  immedi- 
ate surroundings  of  their  patients,  to  their  economic  status  (since  only  the 
rich  had  healthful  accommodations) ,  to  local  factors  and  to  the  patient's 
constitution.  The  latter  was  considered  in  its  entire  relation  to  the  environ- 
mental factors  since  the  Greeks  assumed  that  body  and  soul  reacted  continu- 
ously to  the  surrounding  world.  Even  disease  was  often  regarded  as  an  extrane- 
ous factor  intruding  into  the  body. 

Our  own  appi'oach  to  the  patient  runs  the  risk  of  inadeciuacy.  We  sometimes 
tend  to  neglect  the  consideration  of  external  influences  since  technical  ad- 
vances apiiai'cntly  have  somewhat  reduced  their  effect. 

Hippocrates  wrote: 

"In  regard  to  the  diagnosis  of  disease,  we  learn  from  the  nature  which  we  all  share 
and  from  each  person's  individual  disposition,  from  the  sickne.ss,  and  from  the 
observations  of  the  patient  himself"  (7). 

The  sum  total  of  the  external  influences  and  the  reaction  of  the  body  were 
called  by  Hippocrates  the  katastasis.  This  word  was  used  in  relation  to  the 
person,  the  disease  itself  and  the  environment.  Katastasis  is  commonly  trans- 
lated "constitution."  This  leads  the  modern  reader  astray  by  suggesting  the 
preponderance  of  hereditary  factois  in  the  make-up  of  the  individual  person. 

*  There  was  much  malaria  in  ancient  Greece. 


I 


CLINICAL  OasERVATlON  IN  1 1 1  ri'CK  UA  I  KS 


2S7 


1  rowcvei',  the  ])liysir'ians  of  the  seventeenth  century,  esi)eci;illy  Thonias  Syden- 
ham, still  followed  the  Hip{)ocratic  lead  in  coiisiderin-;'  th(-  jxTsonal  constitution 
of  the  patient,  his  diathesis,  as  the  effect  of  extei'ual  iiilhieiices.  It  a[)pears 
appi'opi'iate  to  choosi'  a  diffei'ciit  woi'd  such  as  "condition"'  f(ii-  the  translation  of 
katastasis. 

In  order  to  ap|)reciate  all  these  influences  one  should  watch,  as  Hippocrates 
su<!;gested,  "to  which  di>eases  the  entire  body  is  mostly  incliiUMl"  (8).  He  ad- 
vised: 

''Observe  the  celestial  constellations;  the  nature  of  cadi  country;  ;  customs; 
the  age  of  the  patient;  speech;  manners;  fashion;  c\cn  liis  silence;  his  tlioughts; 
if  he  sleeps  or  is  suffering  from  lack  of  sleep;  the  contents  and  origin  of  his 
dreams;  .  .  .one  has  to  study  all  these  signs  and  to  analyze  what  they  portend" 
(9). 

Obviously,  somatic  and  psychological  factors  were  considered  on  an  eqiud  level 
with  observations  of  the  "milieu  exterieur." 

THE  FOUR  STAGES  OF  CLINICAL  THOUGHT 

The  observations  recorded  in  the  corpus  Hippocraticum  are  cast  in  the  form 
of  numerous  aphorisms,  case  histories  and  general  discussions.  The  Hipjiocratic 
ap])roach  was  not  in  principle  different  from  our  own.  It  appears  different  only 
if  one  discusses  the  physiological  doctrines  separately  from  the  clinical  content. 
If  we  '••  ;i,ard  the  evolution  of  the  description  of  specific  diseases  as  a  historical 
process  in  its  own  right,  we  find  a  certain  pattern  in  the  advance  of  the  diag- 
nostic art.  We  then  recognize  that  the  concept  of  each  disease  tends  to  evolve 
accoiiling  to  the  same  ruie  during  all  j)eriods  of  medical  history,  and  even  in 
our  own  time.  This  progress  of  clinical  observation  is  rather  independent  of  the 
changing  fashions  of  physiological  doctrines. 

The  development  of  clinical  diagnosis  proceeds  in  four  stages.  The  first  two 
are  the  discovery  of  symptoms  and  of  syndromes.  The  third  and  fourth  are  the 
analysis  of  pathologic-anatomical  findings  and  of  the  essential  causes  of  a  dis- 
ease. In  regard  to  the  first  two  stages,  the  following  books  of  the  Hii^pocratic 
collection  are  of  foremost  interest:  the  seven  books  on  "Epidemics,"  the  four 
books  on  "Diseases,"  and  the  book  on  "Internal  Diseases."  The  purpose  of 
these  books  was  mainly  to  describe  the  symptoms  of  the  patient,  the  prognosis 
of  his  illness,  and  if  possible,  the  syndrome,  which  can  be  defined  as  a  fre- 
quently encountered  combination  of  symptoms. 

Temkin  has  pointed  out  the  important  fact  that  Hi])pocrates  refrains  from 
diagnostic  conclusions:  "Where  everything  suggests  a  name  for  a  disease,  we 
miss  it.  Where  he  presents  a  probalile  diagnosis  we  feel  uncertain  about  it" 
(10).  Laennec  had  a  somewhat  different  approach  (11).  He  separated  the 
symptoms  essential  to  the  diagnosis  of  a  specific  disease,  "les  si/mpfoines 
propres,"  from  those  which  may  occur  in  any  other  illness,  "les  signes  com- 
muns,"  or  epiphenomena.  Littre  calls  the  common  symptoms  "tableau  general 
de  la  soufjrance  et  des  efforts  des  grands  fonctions."  The  common  signs 
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reprcticnt  a  perfect  giiitle  to  prognosis,  whereas  the  understanding  of  the  first 
group  of  observations,  the  specific  signs,  would  depend  to  a  great  extent  on  the 
development  of  detailed  anatomical  and  chemical  knowledge.  The  ancient 
physicians  aided  by  their  astute  observations  were  able  to  describe  the 
epiphenomena  in  great  detail.  Their  prognosis  was  based  on  the  common  signs, 
and  these  signs  determined  whether  the  patient  was  to  be  treated  at  all.  Thus 
the  common  signs  proved  to  be  quite  decisive  for  patient  and  physician  alike. 

These  signs  included  a  great  number  of  important  clinical  observations  and 
the  record  of  the  "milieu  exterieitr."  By  means  of  them  the  ancient  physician 
tried  to  develop  an  exact  prognosis,  but  he  omitted  from  his  writings  most  of 
the  specific  signs  which  would  enable  us  to  reconstruct  a  correct  diagnosis  from 
the  old  texts.  Furthermore,  very  little  was  known  of  jiathological  changes  and 
causative  agents. 

Hippocrates'  famous  book  on  "Prognosis"  starts  with  the  following  words: 

"I  hold  that  it  is  an  excellent  thing  for  a  physician  to  practice  forecasting.  For  if 
he  di.scover  and  declare  unaided  by  the  side  of  his  patients  the  present,  the  past 
and  the  future,  and  fill  in  the  gaps  in  the  account  given  by  the  sick,  he  will  be  the 
more  belie\-ed  to  understand  the  cases,  so  that  men  will  confidently  entrust  them- 
selves to  him  for  treat  nicnt"  (12). 

On  the  question  whether  a  jiatient  should  be  treated  at  all,  Hippocrates 
wrote : 

"Medicine  has  enough  reasons  to  justify  its  treatment,  and  why  it  would  rightly 

refuse  to  take  obstinate  cases . .  .as  shown  by  the  present  essay  (13)  For  if 

a  man  demands  from  the  art  a  power  over  what  does  not  belong  to  the  art. . . . 
his  ignorance  is  more  allied  to  madness  than  to  lack  of  knowledge"  (14). 

Laennec's  thesis  does  not  explain  completely  why  Hippocrates  put  so  much 
emphasis  on  common  signs  and  prognostic  considerations.  The  present  study 
of  the  Hippocratic  writings  will  demonstrate  that  these  books  fit  the  pattern 
of  the  four  successive  stages  of  diagnostic  thought  which  were  mentioned 
previously.  It  appears  only  natural  that  the  earlier  stages  of  this  development 
should  be  found  more  frequently  in  the  ancient  writings  since  attainment  of 
the  third  and  fourth  stages  required  further  accessions  of  knowledge. 

The  evolution  of  the  diagnostic  art  usually  proceeds  in  accordance  with  the 
following  pattern,  regardless  of  what  disease  we  have  in  mind:  first,  the 
purely  symptomatic  description;  second,  the  correlation  of  individual  symp- 
toms into  groups  outlining  a  syndrome;  third,  the  discovery  of  anatomical 
changes  typical  of  each  syndrome;  fourth,  the  discovery  of  the  causative  agent, 
be  it  a  virus,  bacterium  or  any  other  factor  of  biological,  chemical  or  mechani- 
cal nature.  But  the  succession  of  these  four  stages  does  not  invariably  or  neces- 
sarily proceed  in  the  order  just  outlined. 

It  would  be  wrong  to  assume  that  any  one  of  the  stages  has  been  connected 
with  a  definite  historical  period.  We  can  find  examples  of  each  stage  in  the 
Hippocratic  writings.  However,  the  bulk  of  the  observations  of  the  ancients 
belongs  in  the  first  and  second  diagnostic  groups.  Examples  of  complete  under- 
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stiinding  of  the  diagnostic  problem  are  rare  in  the  liippocratic  books.  We  find 
this  accomphshnient  only  in  the  orthopedic  treatises;  for  this  reason  these 
sui  gical  l)ooks  appear  to  us  so  outstanding  and  of  almost  contemporary  spirit. 

In  the  following  sections  some  of  Hippocrates'  clinical  observations  will  be 
arranged  and  discussed  according  to  this  pattern  of  tlic  four  stages  of  diag- 
nostic thought. 

PROGNOSIS  AND  THE  SYMPTOMATIC  APPROACH 

The  Hii)pocratic  Ixioks  "Aphorisms,"  "Prognosis"  and  "Praenotiones 
Coacae"  ("Predictions  by  the  School  of  Cos")  are  i)robably  the  most  fre- 
quently reprinted  books  of  the  entire  Hippocratic  collection  and  were  quite 
popular  until  the  early  part  of  the  last  century.  Until  150  years  ago,  medical 
diagnosis  and  therapeutics  had  not  progressed  greatly  beyond  the  point  reached 
in  ancient  times.  To  physicians  who  had  hardly  been  able  to  advance  beyond 
the  first  stages  of  clinical  observation,  the  ancient  collection  of  prognostic  epi- 
grams had  great  appeal.  It  supplemented  their  own  limited  experience  and  it 
enabled  them  to  classify  their  observations  into  certain  categories,  especially 
since  the  Hippocratic  aphorisms  were  already  arranged  in  some  kind  of  order. 
By  comparing  their  own  inadequate  observations  with  the  terse  ancient  sen- 
tences, these  physicians  were  able  to  gain  additional  authority  for  their  fore- 
casts. They  justified  their  own  actions  by  referring  to  the  time-honored 
experience  of  past  generations  of  physicians.  Only  a  few  of  the  prognostic 
epigrams  on  acute  and  mostly  febrile  diseases,  so  often  fatal,  can  be  quoted 
here : 

"It  is  a  bad  sign  in  all  cases,  when  during  liigh  fever,  the  thirst  subsides  without 
obvious  reason"  (15). 

"If  the  patients  get  startled  when  you  touch  them,  they  are  in  serious  condition" 
(16). 

"Sudden  and  successive  changes  from  warm  to  cold  in  the  extremities  are  omi- 
nous" (17). 

"Livid  spots  appearing  during  fever  herald  immediate  death"  (18). 
"Is  a  stuporous  state  always  serious?"  (19). 

"Sleep  which  is  deep  but  not  disturbed  definitely  forecasts  a  crisis :  but  we  cannot 
be  sure  of  that  when  sleep  is  restle.ss  because  of  bodily  pain"  (20). 

Francis  Adams,  the  great  Scottish  country  doctor,  who  a  hundred  years  ago 
contributed  so  much  to  the  understanding  of  ancient  medicine  by  his  beautiful 
translations,  remarked  that  "the  great  superiority  of  the  ancient  savants  over 
the  modern  was,  that  the  former  possessed  a  much  greater  talent  for  appre- 
hending the  general  truth  than  the  latter  who  confine  their  attention  to  particu- 
lar facts,  and  neglect  too  much  the  observations  of  general  appearances"  (21). 
Adams  meant,  without  referring  to  Laennec,  that  it  should  always  be  possible 
to  make  a  prognosis  from  the  "signes  commims,"  even  if  the  "sympt67nes  pro- 
pres"  are  missing. 

The  detailed  description  of  different  types  of  respiration  offers  a  fine  examjile 
of  these  common  signs.  Hippocrates  wrote: 
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"Frotiui'iit  ami  «inall  lespii-alory  mo\  t'nu'iits  aiv  the  sj'iiiploin  of  iiiflamniatioii 
and  pain  in  important  organs.  Deep  respiration  with  great  intermissions  is  a  sign 
of  dcHriuni  and  convulsions.  Cold  breath  is  the  sign  of  impending  death.  Fatal 
also  is  the  hot  and  choking  respiration.*  But  it  is  less  serious  than  a  cold  breath. 

T)('op  expiration  with  shallow  inspiration  or  weak  expiration  with  deep  in- 
spiration is  also  very  serious  and  the  sign  of  impending  death.  Eciually  serious 
is  slow  or  very  fast  respiration,  or  a  respiration  faintly  visible,  or  an  inspiration 
with  interruption,  as  if  the  patient  would  inhale  twice.  But  a  good  respiration 
may  turn  the  tide  to  recovery  in  all  cases  with  acute  f('\  ci-  il'  the  patient  has  the 
crisis  before  the  40th  day"  (22). 

Many,  if  not  the  majority,  of  the  aphorisms  in  tlu'  })rognostic  books  ai'c 
hardly  understandable  to  us.  The  ancient  writer,  for  brevity's  sake,  referred 
mostly  to  single  facts.  In  most  instances  his  terse  sentences  connect  one  perti- 
nent observation  with  the  expected  outcome  of  an  illness,  reminding  us  of  the 
brief  oracles  of  the  priestess  at  Delphi.  The  prognostic  anthologies  offer  a  great 
contrast  to  the  detailed  and  comprehensive  observations  which  we  find  in  Hip- 
pocrates' books  on  "Internal  Diseases"  and  which  represent  the  second,  more 
advanced  stage  of  clinical  thought,  the  description  of  the  syndrome. 

These  books,  containing  extensive  clinical  observations  and  more  frequent 
reference  to  the  affected  organs,  were  probably  influenced  by  the  medical  school 
of  the  Isle  of  Cnidos,  south  of  Cos.  The  Cnidian  physicians  used  to  record  more 
frequently  than  the  school  of  Cos  the  "symptojnes  propres."  They  tried  to  deter- 
mine which  organ  was  the  seat  of  illness.  Hippocrates  objected  that  they  paid 
insufficient  attention  to  the  "milieu  exterieur,"  to  the  general  signs  (23).  He 
wrote:  "They  wanted  to  outline  with  exactitude  the  'number'  of  each  illness  . . . 
and  discover  distinct  diseases"  (24).  Hippocrates,  considering  this  a  fruitless 
enterprise,  criticized  the  Cnidians  for  paying  little  attention  to  those  signs  which 
resulted  from  external  influences  and  from  which  he  tried  to  predict  the  future 
course  of  the  disease:  the  weather,  the  seasons,  the  winds,  the  geographic  loca- 
tion ( 25 ) .  Hippocrates  wrote : 

"Certain  maladies  or  certain  groujis  of  ])eople  are  more  connected  with  a  certain 
sea.son,  a  certain  location  or  certain  habits  (26). . . .  The  south  wind  makes  hearing 
difficult,  the  eye  dull,  the  head  heavy ;  it  makes  one  feel  sluggish  . . .  During  times 
of  north  wind,  we  observe  cough,  sore  throat,  constipation,  dysuria  with  chills, 
pain  in  the  chest . . .  (27). . . .  Every  illness  can  occur  in  every  season.  But  cer- 
tain diseases  have  a  predilection  for  a  certain  season,  during  which  they  start  or 
become  aggravated"  (28). 

Hippocrates  thought  that  the  system  of  his  school  emanated  from  the  time- 
honored  tratlition  of  his  own  and  earlier  teachers  at  the  Isle  of  Cos.  From  our 
point  of  view,  the  Cnidian  concept  was  more  advanced;  it  led  to  the  discovery 
of  the  clinical  syndrome. 

We  now  understand  that  the  approaches  of  Cnidos  and  of  Cos  were  comple- 
mentary. It  is  interesting  to  study  the  development  of  this  controversy  of  clini- 
cal thought.  It  was  a  scholarly  discussion  between  two  ancient  medical  schools. 


*  Tlie  .-ictual  meaning  of  the  latter  word,  Ugtnjodes,  is  "smoky"  in  the  sense  of  rich  in  CO2 
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In  a  footnote  to  his  thesis,  Laennec  wrote:  "It  is  certainly  a  good  thing  to 
describe  Hippocrates'  system  in  our  fashion.  liiit  to  find  out  what  he  really 
thought  is  still  better." 

Before  the  discovery  of  modern  nosology,  the  Cnidian  books  were  less  ap- 
preciated than  the  prognostic  aphorisms  from  Cos.  We  moderns  may  have  lost 
some  perfection  in  the  art  of  prognosis,  but  our  gain  in  the  art  of  diagnosis  is 
beyond  what  Hippocrates  himself  ever  could  have  anticipated.  We  feel  closer 
to  the  school  of  Cnidos. 

THE  DISCOVERY  OF  THE  SYNDROME 

It  is  tempting  to  assume  that  the  ancient  case  histories  were  written  as 
lecture  notes  and  were  published,  long  after  they  were  composed,  by  the 
Alexandrian  school.  It  is  perhaps  for  this  reason  that  actual  accounts  of  physi- 
cal examination  are  missing.  Moreover  we  know  that  members  of  ancient 
guilds  requested  that  their  techniques  be  kept  secret  and  never  committed  to 
writing.  Both  schools  of  medicine  followed  this  rule. 

The  alleged  difference  in  the  method  of  observation  by  the  physicians  of  Cos 
and  Cnidos  was  never  consistent.  We  find  some  descriptions  of  localized  dis- 
eases in  those  books  which  have  definitely  been  attributed  to  Hippocrates  him- 
self and,  on  the  other  hand,  remarks  on  external  factors  are  encountered  in  the 
Cnidian  books.  The  dogmatic  difference  between  the  schools  of  Cos  and  Cnidos 
was  untenable  in  practice.  But  it  is  much  more  difficult  to  determine  a  diag- 
nosis from  case  histories  in  the  genuine  Hii)pocratic  books  from  Cos  than  from 
those  of  Cnidian  origin. 

Diseases  such  as  tetanus,  mumps,  diphtheria,  typhus  and  others  were  identi- 
fied as  syndromes  long  ago.  In  a  previous  paper  I  suggested  (29)  that  case 
histories  of  yet  unidentified  diagnoses  might  correspond  to  cases  of  undulant 
fever,  louse-borne  Mediterranean  relapsing  fever,  dengue,  and  a  type  of 
parotitis  which  is  secondary  to  other  infectious  diseases.  I  also  discussed  the 
problem  of  epidemics  of  typhus.  In  the  same  paper  I  tried  to  explain  that 
Hippocrates  might  also  have  observed  a  syndrome  of  splenomegaly  with 
anemia  in  Egypt,  and  I  suggested  that  this  disease  was  probably  schistosomia- 
sis, which  has  always  been  endemic  in  the  Nile  valley.  Hippocrates'  description 
reminds  us  of  the  paper,  originally  published  in  1894,  in  which  Banti  de- 
scribed cases  of  splenomegaly  with  anemia  as  a  syndrome  of  unknown  origin. 
Banti,  like  Hippocrates,  was  unable  to  advance  his  observations  beyond  this 
stage. 

Most  of  the  following  case  histories  are  from  books  influenced  by  the  school 
of  Cnidos.  The  physicians  of  this  school  even  made  attempts  at  differential 
diagnosis.  A  collection  of  diseases  according  to  certain  physiological  systems,  as 
for  instance  the  respiratory  tract  or  the  alimentary  canal,  formed  the  basis  for 
discussion  of  the  differential  diagnosis  of  these  syndromes. 

We  will  confine  ourselves  here  to  a  discussion  of  respiratory  diseases  since 
a  detailed  analysis  of  one  group  of  diseases  will  give  us  better  insight  into  the 
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working  methods  of  the  ancient  school  than  wonhl  a  superficial  siu'vey  of  their 
entire  range  of  clinical  observations. 

DISEASES  OF  THE  THROAT 

The  following  are  observations  of  several  patients  with  throat  infections: 

"Quinsj-  (dog-collar).  There  are  fever,  chills,  headache;  the  region  below  the 
jaws  is  swollen;  the  patient,  hardly  able  to  swallow  his  saliva,  spits  it  out  as 
solidified  little  pieces.  There  is  gurgling  in  the  larynx.  If  you  pull  the  tongue 
forward,  you  can  see  that  the  uvula  is  loose  and  not  swollen,  but  the  pharynx 
inside  is  full  of  hardened  secretion,  which  the  patient  is  unable  to  spit  up.  He 
cannot  lie  flat  and  if  he  did  he  would  r^utfocate''  (30). 

In  spite  of  the  misleading  title,  one  is  justified  in  saying  that  this  patient  suf- 
fered from  pseudomembranous  tonsillitis  or  diphtheria. 
The  next  case  was  possibly  real  quinsy: 

"Bunch  of  Grapes.  The  uvula  becomes  swollen;  mucus  drips  down  in  his  head. 
The  uvula  hangs  down  low  and  turns  red.  If  that  lasts  for  a  long  time,  the  uvula 
may  become  black  in  the  following  manner:  The  large  vein  below  the  uvula 
becomes  inflamed  and  from  this  inflammation  it  gets  hot.  Due  to  this  heat,  the 
uvula,  attracting  blood  from  the  vein,  tia'ns  dark.  The  patient  will  go  into  con- 
vulsions when  you  do  not  incise  the  uvula  at  the  time  of  greatest  swelling,  be- 
cause the  blood  of  the  overheated  vein  fills  the  surrounding  tissue,  suffocating  the 
patient  (31)  . . . ." 

"Another  Tonsillar  Abscess.  When  the  posterior  part  of  the  tongue  and  the 
glottis  become  inflamed,  the  patient  is  unable  to  swallow  his  saliva  or  any- 
thing else  Suppuration  sets  in,  mostly  near  the  epiglottis.  If  it  breaks  open 

by  it.self.  the  patient  will  get  well.  Otherwise,  feel  with  the  finger  whether  it  is 
soft.  Then  bind  a  sharp  pointed  blade  to  the  finger  and  perforate  the  abscess. 
Thus  the  patient  will  recover  since  the  disease  is  rarely  fatal"  (32). 

Hippocrates  described  the  difference  between  tonsillar  abscess  and  phlegmon 
of  the  floor  of  the  mouth.  I^udwig's  angina: 

"Swelling  under  the  tongue.  If  hypoglossitis  sets  in,  the  tongue  and  the  entire 
area  outside  and  below  the  tongue  become  edematous  and  feel  hard  to  the  touch. 
The  patient  is  unable  to  swallow  his  saliva. ...  If  it  .suppurates,  one  has  to  make 
an  incision.  Only  rarely  will  it  open  spontaneously  and  subside  without  cutting. 
When  it  drains  to  the  outside,  one  should  cauterize''  (33). 

DISEASES  OF  THE  CHEST:   CORONARY  INFARCTION  AND  PULMONARY  EDEMA 

The  following  case  histories  are  taken  from  the  third  book  of  "Diseases."  In- 
terestingly enough,  Littre's  commentary  on  the  first  case  to  be  quoted  is: 
"Acute  affection  of  the  respiratory  tract."  But  probably  the  case  represents  an 
account  of  acute  coronary  infarction  with  pulmonary  edema.  This  description 
of  myocardial  infarction  with  acute  cardiac  decompensation  is  the  earliest  re- 
port of  this  disease  I  have  found  so  far  in  the  literature.  It  is  easily  overlooked 
because  of  the  misleading  Greek  title:  "The  Lungs  Swollen  by  Heat."  Hippoc- 
rates wrote: 
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"When  tlie  lungs  booome  filled  \n-  I  his  licnl  .ind  ilislonded,  ;i  dry,  hard  coupih 
will  set  in.  The  patient  has  to  sit  iiji  { m  / lioiiiiui  )  and  breathes  fast  and  without 
pause.  He  gasps  for  breath  (nsl h  iNun  i)  and  sweats.  His  nost  rils  move  like  those 
of  a  racehorse.  He  sticks  out  his  longui^  frei|U(mtly.  A  whistling  sound  comes 
from  his  chest  and  a  heavy  weight  seems  to  lie  on  it.  He  cannot  extend  his 
chest,  but  feels  as  if  it  would  burst.  And  great  weakness  overcomes  him.  A 
sharp  pain  grips  him.  He  has  the  feeling  as  if  needles  were  stuck  in  his  back, 
chest  and  sides  (pleura).  He  feels  a  burning  as  if  he  were  sitting  close  to  a  fire. 
The  skin  on  his  back  and  chest  may  become  flashing  red.  An  intense  gnawing 
pain  overcomes  him.  He  does  not  know  whether  ho  should  stand,  sit  or  lie  down. 
Helplessly,  he  tosses  around  and  believes  that  he  is  already  dying.  Mostly  these 
cases  die  on  the  fourth  or  seventh  day.  Those  who  pass  that  day  mostly  sur- 
vive" (34). 

The  restlessness  is  quite  typical  for  acute  coronary  disease  whereas  the 
jiatient  suffering  fi'oni  ]ilein-isy  mostly  avoids  violent  motions.  Hippocrates 
described  pleurisy  in  entirely  different  words  (see  later). 

This  leads  us  to  another  observation  in  Hippocrates,  that  of  the  patient 
witli  jiulmonary  edema  and  transudate  in  the  chest,  who  was  apparently  in  an 
advanced  state  of  cardiac  decompensation.  Hippocrates  even  recommended  di- 
rect auscultation  of  the  chest  to  confirm  his  diagnosis.  He  said: 

"Dropsy  of  the  lungs.  Water  accumulates;  the  patient  has  fever  and  cough; 
the  respiration  is  fast;  the  feet  become  edematous;  the  nails  appear  curved  and 
the  patient  suffers  as  if  he  had  pus  inside,  only  less  severe  and  more  protracted. 
. . .  One  can  recognize  that  it  is  not  pus  but  water. ...  If  you  put  your  ear  against 
the  chest  you  can  hear  it  seethe  inside  like  sour  wine. ...  In  .some  cases  abdomen, 
scrotum  and  face  swell  up. . . ."  (35). 

In  extreme  cases,  the  physician  was  advised  to  incise  the  pleura  at  its  lowest 
level  to  let  the  water  out  slowly  by  introducing  some  charpie.  These  patients 
usually  died  five  to  six  days  later  with  the  symptoms  of  suppuration,  cough 
and  thirst.  The  cardiac  etiology  could  hardly  become  evident  to  the  ancient 
physician  since  pulmonary  edema  was  frequently  the  ultimate  stage  of  infec- 
tious and  non-infectious  diseases.  Until  the  discovery  of  the  circulation,  passive 
pulmonary  congestion  was  mostly  considered  a  disease  of  the  lungs. 

ECHINOCOCCUS  DISEASE 

The  following  case  history  of  hydatid  cysts  (echinococcus)  gives  us  the 
impression  that  inspection  of  diseased  organs  was  occasionally  practiced  by 
Hippocrates  and  greatly  hel]iful  for  the  differential  diagnosis. 

"Dropsy.  Drop.sy-originates  also  in  the  following  manner:  In  summer,  when  one 

drinks  much  water  at  once,  hydrops  quite  frequently  sets  in  But  it  also  can 

develop  from  tumors  which  grow  in  the  chest,  are  filled  with  water  and  perforate 
into  the  thorax.  I  can  prove  this  origin  of  hydrops  by  observations  on  cattle,  dogs 
and  pigs.  These  quadrupeds  develop  waterfilled  tumors  in  the  lungs.  You  can 
recognize  that  immediately:  when  you  cut  these  tumors,  water  will  pour  for- 
ward. It  appears  that  this  occurs  more  frequently  in  man  than  in  animals  be- 
cau!3e  of  our  unhealthy  customs"  (36). 
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The  fluid  in  these  cysts  often  appeared  ]nirulent.  ()l)viously,  a  cHnical  differ- 
entiation l)et\veen  transudate,  empyema  and  hy(hitid  cysts  was  impossible,  al- 
though an  attemi)t  at  exact  diagnosis  was  made.  The  parasitic  origin  of  the 
disease  was  not  even  suspected. 

Much  sjiace  in  these  hooks  was  devoted  to  the  surgical  removal  of  the  fluid. 
The  technical  i)rocedure  recommended  was  similar  to  that  employed  by  us  for 
the  drainage  of  emjiyema  as  recently  as  thirty  years  ago. 

PHTHISIS 

Pulmonary  tuberculosis  was  rampant  and  the  description  of  "phthisis"  is 
common  in  the  Hippocratic  books.  The  (Jreeks  used  the  wortl  phthisis  for  all 
wasting  diseases  {"phthino" :  waste  away).  But  in  some  chapters  the  identifica- 
tion with  pulmonary  tuberculosis  can  hardly  be  cjuestioned.  Hippocrates  out- 
lined the  classical  picture:  progressive  emaciation,  deep  supra-  and  infracla- 
vicular grooves;  frequent  cough  with  expectoration;  prostration  and  long  lasting 
fever;  finally  cachectic  edema  and  death  after  about  one  year  (37).  In 
some  case  histories  one  cannot  identify  the  disease  which  Hippocrates  called 
phthisis.  In  many  instances,  we  would  consider  cardiac  failure  complicated  with 
angina  pectoris  or  bronchiectasis  (  38).  In  other  cases  Hippocrates  very  clearly 
outlined  even  the  constitutional  features  of  patients  already  stricken  or  in- 
clined to  pulmonary  tuberculosis.  This  picture  is  still  familiar  to  those  physi- 
cians who  had  the  opportimity  to  see  a  good  number  of  patients  with  pulmonary 
tuberculosis  before  the  advent  of  chemotherapy.  Hippocrates  wrote: 

"The  physical  characteristics  of  the  consumptives  were:  smooth  skin,  pale  and 
freckled;  flushed  appearance;  bright  eyes;  slight  edema;  the  shoulder  blades 

projecting  hke  wings  [i.e.  status  asthenicus].  This  is  the  same  in  women  

They  are  melancholic  and  hot  blooded  . . ."  (39). 

It  is  difficult  to  find  many  observations  of  the  physical  features  of  the 
patients  as  detailed  as  this  in  ancient  medical  writings.  Hii:)pocrates  mostly 
characterized  his  patients  in  terms  of  the  humoral  doctrine,  omitting  the  char- 
acteristic traits  so  significant  to  us. 

PNEUMONIA 

Many  chapters  of  the  Hippocratic  collection  deal  with  observations  of 
cases  of  pleurisy,  bronchiectasis,  or  abscesses  of  lungs  or  thorax.  The  word 
"empyema"  can  frequently  be  found  in  translations,  due  to  a  misunderstanding. 
The  Greek  word  "empyos''  should  never  be  translated  as  "empyema"  be- 
cause it  only  implies  "pus  inside."  The  reader  has  to  decide  from  the  context 
whether  these  are  cases  of  pulmonary  abscess,  bronchiectasis  or  empyema  in  the 
strict  modern  sense  of  the  words. 

We  also  often  find  the  word  "peripneumonia"  in  the  original  Greek  text. 
This  expression  literally  means  a  "disease  concerning  the  lungs."  However,  the 
diagnosis  of  pneumonia  should  never  be  made  from  such  titles  but  only  after 
careful  analysis  of  the  description  of  each  case. 
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Yrt  certain  case  histories  definitely  suji^est  I  he  diagnosis  of  i)iieunionia. 
1 1 ippoei-ates  spoi^e  of  patienis  in  whom  "the  u])per  lobe  of  the  lungs  is  drawn 
tight"  (40),  oi-  "the  huigs  arc  filled  up"  (41),  or  "a  disease  of  the  lungs"  (42) 
has  set  in.  In  these  eases,  he  wrote,  pain  was  observed  rarely,  but  when  it  oc- 
eurred  it  could  I'csemble  the  type  of  pain  encountered  in  pleurisy.  Sputum  is 
common,  gradually  changing  in  consistency  and  color,  from  light  and  foamy 
to  thick,  yellow  and  bloody.  Hi])pocrates  even  spoke  of  a  crisis  on  the  seventh 
day:  "Most  i)atients  die  on  the  seventh  day.  When  they  pass  that  critical 
day,  they  will  not  die"  (43l.  'I'his  is  quite  typical  of  lobai-  piiemiionia. 

BRONCHIECTASIS 

Hippocrates,  of  course  could  not  diagnose,  correctly  and  in  our  sense,  cases 
of  lobar  pneumonia  or  bronchopneumonia.  He  also  was  always  afraid  that 
after  the  acute  respiratory  infection  suppuration  might  set  in.  It  is  difficult 
for  us  to  interpret  his  case  histories,  but  one  gains  the  impression  that  some 
of  these  chronically  ill  patients  suffered  from  febrile  bronchiectasis  and  that 
others  had  pulmonary  abscess. 

He  described  some  instances  of  protracted  fever  in  which,  at  the  end  of  the 
second  week  after  onset,  the  sputum  became  more  copious  and  purulent.  Sub- 
sequently the  sputum  became  sweet,  malodorous  and  finally  putrid.  He  con- 
sidered the  chance  of  survival  better  when  the  offending  matter  was  expectorated 
before  the  twenty-second  day  (44) .  Some  patients  apparently  were  ill  for  a 
long  time,  suffering  from  chronic  cough.  Expectoration  was  most  copious  in  the 
early  morning  hours;  this  is  typical  of  bronchiectasis.  He  wrote: 

"There  is  another  disca.'se  of  the  lungs  when  the  patient  coughs  up  a  thick,  yel- 
lowish and  sweetish  sputum;  he  shivers,  has  pain  in  the  chest  and  back;  there 
is  a  sHght  whistling  in  the  larynx ;  the  throat  becomes  parched ;  the  eyelids  red, 
the  voice  heavy,  the  feet  swell  up;  the  nails  are  curved;  the  upper  part  of  the 
body  becomes  thin  and  the  patient  loses  weight.  The  sputum  has  a  nauseating 
taste  when  it  gets  into  his  mouth.  He  coughs  mosllv  in  the  morning  hours  and 
after  midnight,  but  also  at  other  times"  (45). 

This  description  is  suggestive  of  infected  bronchiectasis. 

PLEURISY  AND  PULMONARY  ABSCESS 

Pleurisy  was  considered  closely  related  to  pulmonary  diseases  although  not 
every  pain  in  the  chest  was  regarded  as  a  symptom  of  jileurisy.  Hippocrates 
differentiated  between  three  types,  hemorrhagic,  bilious  ("serous,  yellow")  and 
the  dry  type  of  pleurisy  without  sputum.  "One  should  suspect  dry  pleurisy 
when  the  pain  is  high  up  in  the  chest"  (46).  The  description  of  dry  pleurisy  is 
unmistakable : 

"When  the  lungs  touch  the  pleura  the  patient  will  have  cough,  whitish  sputum 
and  orthopnoea.  He  feels  pain  in  the  chest  and  over  the  entire  back.  When  re- 
cumbent, he  feels  pressure,  thinking  that  he  carries  a  weight  in  his  chest.  He 
feels  a  sharp  pain  like  that  of  needles.  We  can  hear  a  loud  crepitation  like  that 
of  old  leather.  The  respiration  is  impaired.  The  patient  can  lie  only  on  the  af- 
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I'oclcil  side,  nut  nil  llic  uIIh  r.  lie  licilils  tlii'  alllicl(Ml  ai(';i  Willi  his  hands  whik' 
lyiiifi  down  .  .  .Mild  feels  as  if  a  licaN  V  weight  is  suspended  inside  his  ribs.  H(>  al- 
most imagines  IIkiI  he  is  lirealliin^  I  hrouKh  the  wall  oi'  his  cIk^sI"  (47). 

In  this  chaptcf  on  clu'st  diseases  this  is  the  second  instance  of  direct  auscul- 
tation by  ancient  physicians.  \Miethei-  or  not  they  also  listened  to  the  breath 
sounds  is  not  known. 

Hijipocrates  was  able  to  give  (Hiite  a  logical  account  of  his  ol)servations 
without  the  aid  of  autopsies.  However,  many  chapters  on  internal  diseases 
remain  unclear.  Some  case  histories  try  to  ex])lain  wliat  we  would  consider  as 
empyema  or  pulmonary  al)scess.  For  example: 

"One  dies  of  plcuri.sy  when  from  the  bcginniiifi  iiuieli  nuiciis  and  bile  collect  in 
the  pleura,  and  when  much  other  matter  flows  in  from  o\hcv  parts  of  the  body, 
or  if  the  patient  cannot  g;et  rid  of  (his  phlegm  by  expectoration  or  resorption 
[literally,  by  dissolving  it]"  (48). 

The  following  two  observations  by  Hippocrates  jioint  out  the  presence  of 
]iulmonary  abscess. 

"The  patient  expectorates,  at  first,  slightly  purulent  material;  occasionally  the 
sputum  is  dark  and  bloody.  As  time  progres.ses,  it  draws  together  and  becomes 
foul . . .  and  causes  intense  pain  and  fever;  severe  and  frequent  attacks  of  cough 
occur.  Finally,  the  sputum  turns  into  real  pus.  The  fever  will  rise  in  the  whole 
body,  but  especially  in  the  affected  area  if  this  pus  remains  in  the  cavity  (49). 
. . .  But  if  the  ripened  pus  breaks  through  and  is  expectorated  completely,  then 
the  cavity  in  which  the  pus  has  been  will  collapse,  secretion  will  dry  up,  and 
the  patient  will  recover  fully"  (50). 

Otherwise  the  prognosis  w-ould  be  xery  serious. 

Hippocrates  also  stated  that  one  should  wait  until  an  apparent  pulmonary  ab- 
scess perforates  into  the  pleural  cavity.  This  event  gives  temporary  relief  from 
the  respiratory  distress.  He  recommended  that  the  physician  wait  for  two  weeks 
before  applying  the  same  method  as  recommended  for  drainage  of  empyema: 
incision  with  a  knife  or  hot  iron  and  drawing  the  pus  to  the  outside  by  the 
introduction  of  fine  linen  threads.  The  exact  location  for  the  incision  was  to  be 
determined  by  direct  auscultation  of  the  thorax  w'hile  an  attendant  gently 
shook  the  chest  of  the  patient.  This  is  still  called  "succussio  Hippocratis"  (51). 

Hippocrates  outlined  the  different  causes  for  such  accumulation  of  pus  in 
the  chest: 

"Those  who  acciniuilate  pus  {cmpyo!<)  in  the  lungs  have  it  from  (he  following 
causes:  Suppuration  will  set  in  if  a  patient  suffering  from  disease  of  the  lungs 
{peripneumonia)  does  not  expectorate  on  the  critical  days  and  if  the  mucous 
secretions  remain  in  the  lungs"  (52). 

"Suppuration  (cmpyos)  also  will  occur  if  the  mucus  runs  down  from  the  head 
[i.e.,  from  the  sinu.ses]  into  the  lungs.  In  the  beginning  such  dripping  may  re- 
main unnoticed  . . .  Gradually  fever  will  set  in.  . . .  (53)  The  lungs  will  also  sup- 
purate (ernpyoti)  in  the  following  manner:  when  a  little  blood  vessel  ruptures 
because  of  strain,  blood  will  escape  according  to  the  size  of  this  vessel. . .  .  Part 
of  this  blood  will  be  coughed  up.  But  if  the  vessel  docs  not  close  at  once,  blood 
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will  find  its  \v:i>'  iiilo  Iho  lungs,  wiicrc  il  .sui)])uraU's.  Latrr,  tin-  palirnl  will  cx- 
ppcloratc  real  jiiis,  or  hlood  lin^^('(i  willi  pus  or  own  vct\  hlcmd"  (51). 

'riic  fourth  (••■iiisc  of  pulinonai'y  suppui'alion  is  traiiina,  as  Hippocrates  cx- 
])laiiu'(l  in  detail : 

"Supiiuration  can  also  oiiuinato  from  great  sticss,  fioin  physical  exercises  or 
when  something  shouiil  rupture  inside  the  cliist,  ni  ironi  or  Inick.  The  torn 
tissues  will  attract  fluid  if  ihc  patient  does  not  expectorate  the  blood  instantly 
or  if,  not  being  aware  of  his  predicament  from  the  beginning,  he  does  nothing 
about  it"  (55). 

The  last  cause  of  thoracic  sujipuration  in  the  Hi])pocratic  account  is  pene- 
tration of  the  chest  wall  and  lungs  by  swords,  daggers  and  arrows.  For  reasons 
of  space  the  details  of  the  interesting  text  will  not  be  quoted  here  (56) . 

Up  to  this  point  in  the  present  analysis  only  the  diseases  of  the  respiratory 
tract  have  been  discussed.  Since  it  is  not  feasible  to  reproduce  more  of  the 
countless  clinical  observations  which  Hippocrates  recorded,  the  examples  al- 
ready given  must  suffice  to  explain  his  method  of  diagnosis. 

Hippocrates  interpreted  his  observations  in  the  terms  of  the  doctrine  of 
humors.  Therefore  we  must  attempt  to  ascertain  whether  tliis  doctrine  was  also 
based  on  observation  and  whether  a  logical  connection  existed  l^etween  the 
ancient  system  of  diagnosis  and  the  humoral  doctrine. 

EMPIRICAL  ORIGIN  OF  THE  DOCTRINE  OF  THE  HUMORS 

Hippocrates  did  not  accept  the  doctrine  of  the  four  humors  simply  as  an 
analogy  to  the  concept  of  the  four  elements  postulated  by  contemporary  phi- 
losophers. Instead,  he  tried  to  confirm  it  by  observation.  Hippocrates  said 
very  clearly  that  he  did  not  approve  of  analyzing  diseases  only  according  to 
preconceived  assumptions.  He  coidd  not  explain  the  great  variety  of  clinical 
observations  by  assuming  the  iMcvalcncc  of  one  or  other  humor  (57).  However, 
he  was  obliged  to  use  the  current  tciniinology  as  a  system  of  classification  for 
recording  his  observations.  The  following  personal  experience  demonstrated 
to  me  the  possible  empirical  background  of  the  ancient  humoral  doctrine. 

I  was  called  to  see  an  old  man  of  Mediterranean  origin  who  was  suffering 
from  an  acute  febiilc  illness.  He  vomited  gastric  secretions  colored  by  reflux 
of  yellow  bile;  he  passed  a  dark  watery  discharge  from  his  bowels;  he  expec- 
torated massive  amounts  of  tenacious  sputum.  He  appeared  to  be  a  plethoric, 
heavy  set  man  of  ruddy  comjilexion.  His  high  blood  pressure  and  vomiting  had 
caused  a  consideralile  noset)leed.  This  patient  represents  a  clinical  demonstra- 
tion of  disturbance  of  all  four  humors  if  we  are  willing  to  describe  a  case  of 
virus  infection  in  ancient  terms:  vomiting  as  elimination  of  an  excess  of  yellow 
bile;  the  watery  bowel  movements  as  a  flow  of  black  bile;  ])hlegm  jiouring 
from  his  nostrils  and  bronchial  tubes  as  mucous  discharge;  and  finally  the 
nosebleed.  The  ancient  physicians  would  have  treated  him  with  syru])s  for 
the  phlegm,  with  diet  for  the  loose  bowels  and  vomiting,  and  with  i)loodletting 
for  nosebleed  and  plethora.  The  cause  of  the  disease  being  unknown,  these 
symptomatic  procedures  appeared  perfectly  logical. 
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In  countless  case  histories  Hippocrates  described  in  a  similar  way  and  in 
great  detail  the  relief  of  symptoms  by  evacuations  of  the  humors.  He  fre- 
quently attempted  to  explain  the  "conniion  signs"  by  referring  to  the  accumu- 
lation of  one  or  other  humor.  He  found  for  instance,  "yellow  bile"  in  the  pleu- 
ritic exudate;  he  assiuned  that  thin  pus  was  derived  from  decomposed  mucus 
(phlegm)  or  l)lood.  But  flesh  was  considered  as  the  source  of  thick  and  dark 
yellow  pus.  The  doctrine  of  the  four  humors  implied  that  the  different  constit- 
uents of  the  body  could  separate  under  the  influence  of  illness,  just  as  in  the 
process  of  making  cheese  the  milk  becomes  separated  into  its  basic  constit- 
uents, curd,  whey  and  fat. 

The  outbi'eak  of  diseases  often  seemed  to  be  caused  by  sudden  atmospheric 
changes.  At  least,  the  ancients  drew  tliis  conclusion  from  their  observations  of 
winds,  seasons,  rains  and  other  environmental  influences.  These  presumably 
caused  imbalance  of  the  humors.  This  observation  of  the  "milieu  exterieur," 
applied  to  the  clinical  picture,  formed  the  basis  for  the  understanding  of  many 
diseases.  These  hypothetical  ideas  al)out  the  causes  of  diseases  took  the  place 
of  the  still  undiscovered  knowledge  of  the  influence  of  biological  and  chemical 
agents. 

Hippocrates  was  convinced  that  the  elimination  of  an  excess  of  humors  would 
cause  relief  from  illness.  For  this  reason  he  constantly  watched  the  effect  of 
environmental  conditions  on  the  patient.  He  wrote: 

"In  regard  to  the  influence  of  atmospheric  conditions  which  have  to  be  considered 
here,  the  following  four  observations  will  be  helpful  [i.e.,  during  an  epidemic 

fever] :  epistaxis;  abundant  flow  of  urine  with  a  large  sediment  ;  the  flow  of 

bile. . . .;  and  loose  bowels. . . .  Not  in  all  patients  do  we  judge  the  illness  from 
one  sign  alone"  (58). 

Observations  of  such  signs  also  formed  a  basis  for  his  prognoses. 

HIPPOCR.\TEs'  DEFIXITIOX  OF  DI.sE.\SES 

The  ancient  physicians  often  considered  the  separate  symptoms  as  individual 
diseases.  A  single  disease,  in  our  sense,  was  frequently  diagnosed  as  a  combina- 
tion of  two  or  more  diseases.  When  a  number  of  common  signs  was  observed 
at  the  same  time,  the  illness  appeared  to  be  more  dangerous.  The  patient 
discussed  above  would  have  been  regaided  as  suffering  from  a  combination  of 
three  diseases:  dysentery,  fever  and  l)ronchitis.  Fever  itself  was  regarded  as 
an  independent  entity. 

Since  Hipjiocrates  thought  that  diseased  humors  tend  to  accumulate  where 
they  already  aliound,  he  defined  diseases  usually  according  to  such  hypothetical 
disturbances  i59).  But.  he  warned  "Do  not  demand  names  for  any  disease 
which  we  have,  by  chance,  indicated  in  this  book.  For  it  is  by  the  sympto7ns  in 
all  cases  that  you  will  know  a  disease  that  may  come  to  a  crisis"  (60).  For 
this  reason,  all  names  given  to  diseases  in  antiquity  or  added  by  later  copyists, 
remained  purely  descriptive.  A  specific  etiological  and  pathological  nomencla- 
ture is  the  exclusive  merit  of  modern  medicine.  However,  it  is  wrong  to  regard 
Hippocrates'  approach  to  the  problem  of  clinical  diagnosis  as  basically  different 


CLINICAL  OHSKRVATION   IX   1 1 1 1'lMH  KATES 


from  ours.  Hippocrates  only  remained  confined  to  the  first  and  second  stage  of 
diagnostic  understanding.  When  he  recognized  and  described  a  syndrome,  he 
could  not  analyze  it  further  for  concomitant  pathological  or  etiological  factors. 
In  spite  of  these  difTiculties  lie  remained  consistent  when  explaining  different 
diseases. 

We  can  define  a  symptom  as  "a  jihenonienon  constituting  a  departure  from 
a  normal  bodily  condition  or  function"  (61).  Hippocrates  had  no  other  choice 
than  to  ex])lain  disease  tentatively  by  assuming  a  disturbed  balance  of  the 
humors.  Furthermore,  by  definition  ''a  syndrome  constitutes  a  number  of 
symptoms  occurring  together  or  a  combination  of  symptoms  in  a  disease"  (62). 
This  definition  does  not  imply  knowledge  based  on  further  research.  Some 
authors  of  the  Hippocratic  collection  described  many  diseases  by  combining 
symi)toms  that  were  frequently  encountered  in  association.  To  syndromes  of 
this  kind  Hippocrates  justifiably  applied  such  labels  as  "Dropsy  of  the 
Lungs,"  or  "Dog  Throat"  or  "Suppuration  in  the  Chest."  Many  of  these  ex- 
pressions related  his  clinical  observations  to  the  four  humors  or  to  popular 
names.  Examples  of  such  syndromes  have  been  discussed  above.  In  all  these 
instances,  Hippocrates  was  unable  to  proceed  beyond  the  second  stage  of  diag- 
nostic understanding.  However,  the  books  on  fractures  and  dislocations  show 
a  further  advance  of  diagnostic  acumen  and  do  not  involve  us  in  speculative 
explanation  by  the  humoral  doctrine. 

ORTHOPEDIC  OBSERVATIONS 

In  Hippocrates'  books  on  "Fractures"  and  "Diseases  of  the  Joints,"  the 
mechanical  cause  of  the  illness  was  obvious  in  most  instances.  Logical  diag- 
nosis could  be  established  by  coordination  of  clinical  and  anatomical  observa- 
tions. Structural  changes  w-ere  easier  to  observe  than  in  internal  diseases. 
In  many  chapters  of  these  books,  Hippocrates  accomplished  the  four  stages 
of  diagnostic  thought  which  have  been  already  discussed.  Because  of  this,  the 
modern  reader  immediately  feels  much  more  familial-  with  the  mode  of  think- 
ing of  the  ancient  writer  than  he  does  when  reading  any  other  part  of  the 
Hippocratic  collection. 

The  great  chapters  on  orthopedic  diseases  fill  at  least  one-fifth  of  the  entire 
Hippocratic  corpus,  which  comprises  about  1300  large  printed  pages.  Only  a 
few  outstanding  examples  can  be  quoted.  We  read  in  the  chapter  on  the  disloca- 
tion of  the  shoulder  joint: 

"As  to  the  shoulder  joint,  I  know  only  one  dislocation,  that  into  the  armpit.  I 
have  never  observed  either  the  upward  or  outward  form. . . .  Practitioners  in- 
deed think  that  forward  dislocation  often  happens,  and  they  are  especially  de- 
ceived in  cases  where  there  is  wasting  of  the  flesh  about  the  joint  and  arm;  for 
in  all  such,  the  head  of  the  humerus  has  an  obvious  projection  forward  . .  .Sup- 
pose one  laid  bare  the  point  of  the  shoulder  of  the  fleshy  parts  from  the  arm  and 
so  denuded  it  at  the  part  where  the  muscle  is  attached,  and  laid  bare  the  tendon 
stretching  along  the  armpit  and  collarbone  to  the  chest;  the  head  of  the  humerus 
would  be  seen  to  have  a  strongly  marked  projection  forward,  though  not  dis- 
located. For  the  head  of  the  humerus  is  naturally  inclined  forward,  while  the 
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rest  ol  the  bone  is  cui\ed  outward.  The  liunierus,  when  ("Xtended  along  the  ribs, 
meets  the  cavity  of  the  shoulder  blade  obliquely,  but  when  the  whole  arm  is 
extended  to  the  front,  then  the  head  of  the  humerus  comes  in  line  with  the  cavity 
of  the  shoulder  blade,  and  no  longer  appears  to  project  fonvard"  (63). 

This  (luotation  represents  only  a  small  part  of  the  extensive  treatise  on  diseases 
of  the  joints.  It  conveys  the  exactness  and  love  of  detail  which  characterize 
the  entire  book.  Hii)pocrates  analyzed  different  methods  for  reduction  of  the 
humerus  and  recommended  the  use  of  cautery  in  order  to  secure  the  surrounding 
tissue  tightly  about  the  head  of  the  humerus. 

In  other  chapters  Hippocrates  discussed  the  symptoms  of  avulsion  of  the 
acromion  and  its  differential  diagnosis  from  dislocation  of  the  shoulder  (64). 
He  also  described  fractures  of  the  clavicle.  "Treatment  is  easier  if  the  bone  is 
broken  straight  across.  But  if  it  is  fractured  oblicjuely,  treatment  is  more 
difficult"  (65).  Different  types  of  treatment  of  other  dislocations  and  fractures 
are  discussed  in  great  detail. 

The  chapter  on  "dislocation  of  the  wrist"  seems  to  be  misinterpreted  in  all 
translations.  The  ancient  text  suggests  a  dislocation.  There  is  no  chapter  in 
Hippocrates  referring  to  fracture  of  the  forearm  iColles'  fracture).  One  can 
safely  assume  that  this  rather  common  fracture  was  consistently  misunderstood 
by  Hippocrates  because  Colles'  fracture  of  the  forearm  often  looks  very  much 
like  dislocation  of  the  wrist.  The  treatment  suggested  by  Hippocrates  is  rather 
typical  for  reduction  of  tliis  fracture,  even  by  modern  technicpe  (66) . 

GIBBU.S:   TR.UMATIC  .\XD  TUBERCULOUS 

The  chapter  on  curvature  of  the  spine  and  fractures  of  the  vertebral  column 
is  outstanding.  We  read: 

"When  humpback  occurs  in  children  before  the  body  ha.s  completed  its  growth, 
the  legs  and  arms  attain  full  size,  but  the  body  will  not  grow  correspondingly 
at  the  spine. . . .  Where  the  hump  is  above  the  diaphragm,  the  ribs  do  not  en- 
large in  breadth,  but  forw'ard,  and  the  chest  becomes  pointed  ...  instead  of 
broad:  the  patients  also  get  short  of  breath  and  hoarse,  for  the  cavities  which 
receive  and  send  out  the  breath  have  smaller  capacity.  Besides,  they  are  also 
obliged  to  hold  the  neck  concave  at  the  great  vertebra  [i.e.,  the  seventh  cervical 
vertebra],  and  the  head  may  not  be  thrown  forward. ...  In  consequence  of  this 
attitude,  such  persons  seem  to  have  the  larynx  more  projecting  than  the  healthy. 
They  also  have,  as  a  rule,  hard  and  unripened  little  tumore  in  the  lungs ;  for  the 
origin  of  the  curvature  and  contraction  is  in  most  cases  due  to  such  gatherings. 
. . .  Cases  where  the  ciu'vature  is  below  the  diaphragm  are  sometimes  complicated 
with  affections  of  the  kidneys  and  parts  about  the  bladder,  and  besides  there  are 
purulent  abscessions  in  the  lumbar  region  and  about  the  groins,  chronic  and  hard 
to  cure  . . .  Many  patients,  too,  have  borne  curvature  well  and  with  good  health 
up  to  old  age. . . .  But  few  even  of  these  survive  sixty  years. . . .  There  are  some  in 
whom  the  vertebrae  are  curved  laterally  to  one  side  or  the  other.  But  these  will 
be  discus.sed  among  chronic  diseases  of  the  lung"  (67). 

These  ciuotations  are  only  small  fragments  of  the  extensive  writings  of 
Hippocrates  on  kyphoscoliosis.  A  more  convincing  description  of  vertebral 
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tuhc'i'C'ulosis  witli  in\(il\cinciit  of  the  luii;j;s  and  kidneys,  cuniplicatcd  by  ]).s()a.s 
abscess,  can  hardly  he  loiiiuL  Hippocrates  also  discussed  the  consequences  of 
fractures  and  lorcibh'  (hshicatioiis  of  \'ertebrae: 

"'I'lic  s|iin.-il  cord,  loo,  would  sut'f(M-,  if  the  liix.-ilion  (hie  lo  jcikirif;  oul  of  the 
Ni'ilcliia  li.iil  ni.-idc  >o  slinr|i  :i  I'lUNC.  The  \i'rlrlii:i  in  s| niiifiilig  out  would  press 
on  t  lie  i-oid,  ex  I'll  it  it  (lid  iioi  lircak  il .  .  .  .  Tlir  i-md  I  lirii,  hi'ing  c-oin))rps.sod  and 
inlii-cciiU'd,  would  produce  coniiili'tc  iirscnsil n lil y  iit  iii,-iii\'  hiific  .-ind  iniporl  ani 
p.-iiis,  tlir  pli\'sician  would  not  lia\  c  lo  troulilc  aixiiil  liow  lo  ad,ni>l  llic  \  i  iic- 
l)ia.  .  .  .  One  misht  do  this  witli  a  corpse,  but  iiardly  witii  a  lix  iiifi  |)alienl  (68). 
. , .  Cur\aturo  of  tlu^  sjiine  occurs  even  in  healthy  ixn'sons  in  many  ways  .  .  .and 
besides  lli(>ii'  is  a  si^  'na;  w'ay  in  old  age  .  .  ."  (69). 

Space  does  not  allow  further  reference  to  other  important  eliai)ters  on  frac- 
ture and  dislocation  or  to  such  topics  as  injuries  of  the  hand  and  their  treat- 
ment. Large  chapters  are  also  devoted  to  diseases  of  the  female  organs. 

Many  of  these  books  have  been  translated  into  English,  French  and  Gei'iuan, 
and  some  are  available  in  inexi)ensive  editions.  Details  can  be  found  in  the 
l)il)liography. 

THE  METHOD  OF  HIPPOCRATES 

Any  ])hysician  who  studies  the  writings  of  Hipjjocrates  cannot  escape  the 
conclusion  that  the  method  of  diagnosis  employed  by  the  ancient  school  was 
fundamentally  the  same  as  ours.  Apparently  this  was  also  the  opinion  of 
Laennec.  We  read  in  the  handwritten  marginalia  to  his  dissertation: 

"The  method  of  Hippocrates  or  his  manner  of  proceeding  in  the  study  of  medi- 
cine :  His  method  is  simple  and  sure ;  it  always  has  been  used  by  all  great  minds, 
by  all  those  who  did  not  give  false  preference  either  to  abstract  thinking  or  to 
observation,  but  who  used  all  their  abihties  in  order  to  arrive  at  the  discovery 
of  the  truth"  (70). 

Hippocratic  medicine  was  symptomatic  and  based  on  "expectant  observa- 
tion," as  Claude  Bernard  pointed  out  (71).  Modern  clinical  medicine  is  founded 
on  experiment.  Equally,  the  ancient  empirical  therapy  has  made  room  for  the 
modern  therapy  based  on  experiment  and  physiological  research.  However, 
modern  clinical  research  still  is  based  on  the  foundation  laid  down  by  Hi])poc- 
rates  and  his  successors. 

If  it  is  still  necessary  to  assert  the  usefulness  of  studying  ancient  medical 
texts,  we  can  refer  to  the  following  statement  by  Hippocrates: 

"I  declare,  however,  that  we  ought  not  to  rc,iect  the  ancient  art  as  non-existent, 
or  on  the  ground  that  its  method  of  inquiry  is  faulty,  .just  because  it  has  not 
attained  exactness  in  every  detail,  but  much  rather,  because  it  has  been  able 
by  reasoning  to  rise  from  deep  ignorance  to  approximately  perfect  accuracy, 
I  think  we  ought  to  admire  the  discoveries  as  the  work,  not  of  chance,  but  of 
inquiry  rightly  and  correctly  conducted"  (72), 
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The  discogenic  sciatic  syndrome  has  continued  to  represent  one  of  the  most 
(hfficult  and  frustrating  of  the  problems  which  confront  the  orthopedic  sur- 
geon. Once  considered  a  self-limited  ailment  of  the  aged,  sciatica  now  appears 
to  be  more  frequent.  It  is  most  common  in  the  middle-aged  groups  of  thirty- 
five  to  fifty-five  and  is  certainly  no  stranger  to  youths  of  high  school  and 
college  age. 

While  sciatic  pain  is  usually  discogenic,  it  can  reflect  a  wide  variety  of 
other  lesions.  Diagnosis  is  seldom  simple.  Careful  and  comprehensive  study  of 
each  individual  patient  is  required  for  accuracy  and  for  the  application  of 
appropriate  therapy.  The  present  study  summarizes  current  knowledge  about 
sciatica  in  general  and  discogenic  sciatica  in  particular,  and  discusses  areas  in 
which  knowledge  is  sparse.  The  author  offers  his  opinion  concerning  the  inter- 
pretation of  the  individual  findings  and  their  importance  in  planning  the  treat- 
ment of  the  individual  patient. 

MECHAMSMS  OF  SCIATIC  I'AIX 

The  word  "sciatica"  imjilies  neither  a  precise  ailment  nor  a  precise  distribu- 
tion of  pain.  Sciatic  pain  can  result  from  at  least  three  separate  mechanisms: 

Mechanistii  I.  Direct  pressure  upon  the  nerve  roots  of  the  lumbar  spine.  It 
is  difficult  to  understand  why  pressure  on  the  nerve  root  causes  pain  since,  at 
operation,  pressure  on  the  undamaged  nerve  root  or  even  its  section  produces 
little  discomfort.  It  has  l)een  supposed  that  the  root  must  be  engorged  or  in- 
flamed for  pain  to  result  111.  However,  the  prompt  relief  that  can  follow  the 
surgical  removal  of  herniated  material  is  convincing  evidence  of  the  relation- 
ship of  nerve  root  pressure  to  pain.  Among  the  many  causes  of  sciatica  of  tiiis 
type  may  be  mentioned  abscess,  cyst  or  neoplasm  of  the  cauda  equina,  spondy- 
lolisthesis and,  of  course,  pressure  of  the  herniated  disc. 

Mechanism  II.  A  deep  irritative  lesion  of  any  character  located  in  or  ad- 
jacent to  a  low  lumbar  or  upper  sacral  dermatome.  In  a  beautifully  simple 
series  of  experiments,  Lewis  and  Kellgren  (2,  3)  demonstrated  the  patterns  of 
radiation  from  such  lesions  by  the  injection  of  small  quantities  of  hypertonic 
saline  solution.  Such  injections  into  the  deep  structures  about  the  pelvis  sub- 
periosteally,  into  the  vertebral  laminae,  and  into  the  intervertebral  spinal 
ligaments  of  the  area,  consistently  produced  radiation  of  pain  in  the  involved 
dermatome.  ^Yhen  local  pain  was  severe,  radiation  from  adjacent  dermatomes 
was  added.  This  mechanism  is  clinically  responsible  for  the  type  of  sciatic 
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pain  acoomiianyinp;  irritated  or  inflammatory  lesions  of  lumbar  lymph  nodes, 
pyelitis,  ureteral  calculus,  etc.  The  author  questions  the  belief  of  some  gyne- 
cologists thai  malposition  of  tlie  uterus  or  fibi-onias  can  cause  sciatica,  unless 
the  tumors  are  as  large  as  the  uterus  of  late  pregnancy.  Irritative  lesions  of  the 
low  lumbar  vertebi'ae,  sacrum,  ilium  and  even  the  hip  joints  ai'e  not  unconunon 
causes  of  |)ain  radiating  down  the  leg.  By  the  same  mechanism,  the  degenera- 
ted disc  itself  may  i)roduce  referi'ed  sciatic  i)ain  in  the  total  absence  of  pressure 
on  the  nerve  roots  as  has  been  frefjuently  demonstrated  I)y  negative  myelog- 
laphy  or  surgical  exploration.  Lesions  which  cause  sciatic  pain  in  the  absence 
of  root  pressure  jiroduce  no  clear  neurological  findings.  The  converse  is  not 
always  the  case.  Pain  due  to  root  pressure  may  occur  in  the  total  absence  of 
positive  neurological  signs. 

Mechanism  III.  A  third  mechanism  is  sometimes  responsible  for  sciatic 
])ain:  direct  -pressure  upon  the  pain  fibers  of  the  spinal  cord — even  at  high 
dorsal  lei'els.  Although  rare,  instances  of  sciatica  as  the  only  ]M'esenting  symp- 
tom of  doi-sal  cord  tumor  have  apjieared  repeatedly  in  the  literature.  In  the 
young  patient,  demyelinization  of  the  cord  fibers  occasionally  appears  to  ac- 
count for  sciatica  as  the  initial  complaint  in  multiple  sclerosis. 

PATTERNS  OF  RADIATION 

Although  each  of  these  mechanisms  causes  pain  to  radiate  into  the  leg,  their 
radiation  ]iattei-ns  cannot  be  called  jirecise  or  consistent. 

Radiation  from  root  pressure  may  involve  more  than  a  single  root  or  partial 
pressure  upon  one  or  upon  several  roots.  Moreover,  there  are  common  varia- 
tions in  root  distril)ution  and  in  the  skeletal  construction  of  the  lumbar  spine. 
Dermatome  radiation  also  often  varies  from  the  pattern  that  might  be  antici- 
pated anatomically.  (3verlapping  of  adjacent  dermatomes  varies  the  radiation 
pattern.  Moreover  dermatomal  radiation  has  the  curious  property  that  it 
may  result  in  \mm  limited  to  small  sections  of  the  anticipated  area.  The 
author  has  frequently  encountered  examples  of  such  pains  limited  to  the  toes, 
the  metatarsal  area,  the  outer  border  of  the  foot,  the  instep,  the  heel,  or  the 
lateral  calf.  Such  areas  have  been  subjected  to  extensive  local  therapy  and  even 
to  surgical  operation  under  the  erroneous  impression  that  a  concealed  local 
lesion  was  responsible.  It  is  not  surprising  that  the  sciatic  pain  caused  by  pres- 
sure u\)(m  the  dorsal  spinal  cord  likewise  follows  no  typical  or  characteristic 
l)attern. 

THE  DISC 

Although  a  wide  range  of  lesions  operating  through  these  mechanisms  may 
produce  sciatic  pain,  in  most  instances  sciatica  has  been  shown  to  emanate 
from  lesions  involving  one  or  more  of  the  low  lumbar  discs.  The  disc  is  a  com- 
plex structure  that  has  been  the  subject  of  intensive  study  since  the  original 
reports  of  herniation  by  Schmorl  and  his  pupils  (4  to  7)  and  especially  since 
the  demonstration  of  herniation  as  the  cause  of  sciatica  by  Mixter  and  Barr 
(8)  in  1934.  Although  our  knowledge  of  the  mechanism  and  behavior  of  the 
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disc  is  still  far  from  adequate,  a  brief  survey  of  present  knowledge  is  necessary 
for  the  interpretation  of  the  clinical  picture  of  the  individual  patient.  The  out- 
standing contributions  of  Friberg,  Hirsch,  and  their  colleagues  (9  to  14)  of  the 
Karolinska  Institute  of  Stockholm  have  added  greatly  to  our  knowledge  of  the 
growth  and  of  the  jiathological  and  clinical  behavior  of  the  disc.  Their  observa- 
tions will  lie  di'awn  upon  freely  in  this  bi'icf  review. 

DEVELOPMENT  AND  SIGNS  OF  AGING  OF  THE  DISC 

The  disc  is  composed  of  a  central  nucleus  surrounded  by  a  firm  laminar 
annulus  of  fibrous  tissue  in  which  elastic  fibers  have  been  observed  (7j.  Origi- 
nally central,  the  nucleus  moves  posteriorly  during  growth.  In  adult  life  its 
tissue,  originally  gelatinous  in  consistency  and  of  separate  identity,  is  gradu- 
ally encroached  upon  by  the  fibrous  tissue  from  the  annulus.  As  aging  pro- 
gresses, it  shrinks  as  its  fluid  content  diminishes  and  it  becomes  somewhat 
pulpy  in  consistency.  The  surrounding  annulus  is  broad  and  strong  anteriorly 
and  laterally  but  is  thin  posteriorly  because  of  the  backward  migration  of  the 
nucleus.  It  is  weakest  posterolaterally  where  it  is  not  reinforced  by  the  poste- 
rior longitudinal  ligament  which  underlies  the  dura  centrally.  Microscopically, 
the  fibers  of  the  annulus  are  arranged  concentrically  to  contain  the  nucleus, 
which  serves  as  a  ball-bearing  axis  for  intervertebral  motion  and  as  a  shock 
absorber.  Originally,  blood  vessels  enter  the  disc  from  the  cancellous  bone  of 
adjacent  vertebrae  centrally.  In  adult  life  the  entire  structure  is  devoid  of 
blood  supply,  nutrition  being  maintained  by  absorption  from  adjacent  verte- 
bral surfaces.  Signs  of  aging  can  appear  in  the  annulus  as  early  as  the  age  of 
fifteen.  The  normal  fibrous  structure  tends  to  disappear.  Fragmentation  and 
zones  of  degeneration  appear  microscopically  and  gradually  increase  in  fre- 
quency with  the  years  (14).  Later  these  zones  may  evolve  into  concentric 
"cracks"  or  cavities.  Since  these  changes,  like  those  of  the  nucleus,  may  be  ob- 
served in  all  discs  of  the  spinal  column,  they  cannot  be  identified  with  sciatica 
and  must  be  regarded  as  the  physiological  result  of  aging. 

PATHOLOGICAL  CHANGES  IN  THE  ANNULUS 

More  meaningful  in  reference  to  low  back  symptoms  are  the  changes  in  the 
disc  which  cannot  be  considered  physiological  and  which  occur  mainly  in  the 
low  cervical  and  low  lumbar  regions.  As  a  result  of  the  study  of  more  than 
five  hundred  discs  grossly  and  microscopically  examined,  Hirsch  and  Schajo- 
wicz  noted  the  frequency  of  radial  rents  or  tears  which  started  centrally  and 
extended  sometimes  posteriorly  but  mainly  posterolaterally.  These  tears  or 
rents  were  observed  in  between  20  to  35  per  cent  of  the  spines  studied  between 
the  ages  of  thirty-five  and  fifty  and  were  largely  confined  to  the  lumbar  region, 
mainly  involving  the  discs  of  the  third,  fourth  and  fifth  lumbar  interspaces. 
The  tears,  starting  centrally  sometimes  as  early  as  the  age  of  fifteen,  were 
of  variable  extent  but  were  frequently  complete,  extending  through  the  periph- 
ery of  the  structure  (Fig.  1). 

Occasional  evidences  of  healing  were  noted,  such  as  scars  and  ingrowth  of 
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Fig.  1.  The  posterolateral  rent  in  the  annuliis.  Uhistration  from  Hirsch  antl  Hchajowicz. 

vascular  granulation  tissue  emanating  from  the  neighboring  longitudinal  liga- 
ment. The  occurrence  of  these  radial  tears,  chiefly  in  the  low  back  and  mostly 
coincident  with  the  age  group  mainly  affected  by  low  backache,  point  to  their 
having  pathological  rather  than  physiological  significance.  These  radial  tears 
either  result  from -or  provide  a  path  for  posterolateral  bulging  or  extrusion 
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of  the  nucleus.  Nuclear  bulging  results  not  only  in  loss  of  resistance  of  the 
disc  to  superiniix)se(l  weight  but  also  destroys  its  function  as  the  axis  of  inter- 
vertebral motion.  The  gradual  demand  upon  the  annulus  increases  as  nuclear 
function  diminishes  and  with  time,  it  sags,  tends  to  spread  and  to  tear  fur- 
ther as  the  adjacent  vertebral  bodies  approach  each  other.  Sometimes  when 
this  occurs,  pseudospondylolisthesis  may  appear  on  the  radiograph  (Figs.  2 
A,  2B).  When  the  tear  is  complete,  disc  material  may  be  extruded  and  jiress 
upon  the  nerve  root.  In  any  event,  the  loss  of  controlled  intervertebral  motion 


Fk;.  2A.  Longstanding  lumbosacral  disc  disruption  with  hoginnuig  oslcoailhritic  changes. 
Fig.  2B.  Pseudospondylolisthesis  at  fourth  interspace  indicating  a  later  disruption  at  this 
level.  (Same  patient  ten  years  later.) 

may  result  in  laxity  and  instability  of  the  joint  and  ultimately  secondary 
osteoarthritic  changes  affecting  the  facets  and  adjacent  vertebral  borders. 

That  these  changes  may  produce  backache  and  sciatica  is  clear.  Hirsch  has 
demonstrated  that,  in  the  person  who  suffers  from  sciatica,  the  injection  of 
pantopaque  tmder  pressure  into  the  disrupted  disc  can  produce  severe  exacerba- 
tion of  back  and  sciatic  pain.  This  does  not  occur  when  such  injection  is  made 
into  the  normal  disc.  The  mechanism  by  which  these  changes  in  the  disc  result 
in  backache  and  dermatome  radiation  is  obscure,  since  the  disc  appears  to 
possess  no  nerve  tissue.  In  fact,  such  lesions  are  often  noted  on  lateral  radio- 
graphs of  patients  who  have  never  suffered  backache  or  sciatica.  In  any  event. 
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it  is  cloar  that  the  disc  can  cause  sciatic  pain  by  virtue  of  direct  nerve  root 
pressure  (Mechanism  I)  or  by  virtue  of  dermatome  radiation  in  association 
with  severe  backache  (Mechanism  II). 

That  similar  objective  disc  changes  and  even  herniation  may  exist  in  the 
total  absence  of  eitlicr  ]iast  or  jiresent  backache  or  sciatica  and  that  a  violent 
attack  of  discogenic  sciatica  may  be  followed  by  complete  spontaneous  re- 
covery continue  without  adequate  explanation.  Hirsch  and  Schajowicz  (14)  and 
Lindblom  (12)  suggest  that  pain  fibers  may  be  carried  into  the  disrupted 
area  with  the  ingrowtli  of  vascular  granulation  tissue.  Probably  a  simpler 
explanation  is  more  valid.  Radial  tears  interrupt  the  integrity  of  the  concen- 
tric annular  fibers.  Accordingly,  in  response  to  the  pressure  of  weight  bearing 
and  sudden  extra  demand,  the  disc  may  tend  to  spread  and  impinge  upon  the 
vascular  posterior  ligament,  which  is  richly  supplied  with  nerve  endings.  The 
posterolateral  rent,  gradually  increasing,  would  appear  to  account  for  the  fre- 
quency with  which  discogenic  sciatica  is  so  often  preceded  by  recurrent  or 
constant  backache.  However,  the  picture  is  not  quite  so  simple  as  this  might 
suggest.  Efforts  to  produce  disc  rupture  in  normal  fresh  autopsy  specimens  by 
axial  compression  have  been  consistently  unsuccessful  though  sufficient  force 
was  used  to  fracture  adjoining  vertebral  bodies.  It  is  most  probable,  there- 
fore, that  the  initial  vulnerability  or  disruption  of  the  disc  usually  long  ante- 
dates the  appearance  of  symptoms  and  that  the  latter  reflect  further  extension 
of  the  lesion.  What  then,  is  the  cause  of  the  initial  lesion? 

1 .  Without  much  doubt,  there  is  a  congenital  factor.  Similar  lesions  are 
encountered  with  almost  equal  frequency  in  the  low  cervical  area,  also  just 
above  the  site  where  the  architecture  and  function  of  the  spinal  column  alters 
(10,  11).  Moreover,  disc  lesions  are  often  found  directly  above  sites  of  skeletal 
asymmetry  or  malformation  involving  the  fifth  lumbar  vertebrae  or  sacrum 
(Fig.  3). 

2.  In  certain  individuals,  there  would  appear  to  be  a  diffuse  biochemical 
fault  in  the  discs  causing  them  to  give  way  and  narrow  prematurely  and 
diffusely  (Fig.  4).  This  phenomenon  however,  provides  no  clue  to  the  selectiv- 
ity that  characterizes  the  usual  low  lumbar  disc  lesion. 

3.  A  further  causative  possibility  concerns  the  question  of  whether  ligamen- 
tous structures  and  the  avascular  discs  in  particular  are  capable  of  strengthen- 
ing in  response  to  demand  as  do  other  skeletal  structures.  Frequent  laboratory 
and  clinical  studies  have  clearly  demonstrated  improvement  in  muscle  strength 
and  endurance  in  response  to  carefully  graded  and  regularly  performed  exer- 
cises. Similarly,  in  accordance  with  Wolff's  Law,  bone  strengthens  where  de- 
mand upon  it  is  greatest.  No  equivalent  studies  upon  the  response  of  liga- 
ments to  extra  demand  have  been  noted  in  the  literature.  Perhaps  during 
adolescence  or  early  adult  life,  current  civilization  may  impose  the  stress  of 
grueling  contact  sports  with  inadequate  preparation,  the  initial  lesion  occuring 
silently  at  that  time. 

4.  The  interest  of  the  author  has  been  directed  toward  still  another  possible 
source  of  vulneral)i1ity  of  the  low  lumbar  discs.  As  stated  above,  the  backward 
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iniifration  of  thv  nucleus  results  in  relative  thinning  of  the  posterior  annulus. 
In  the  lateral  radiograph  of  adolescents,  it  is  usually  i)Ossible  to  identify  the 
location  of  the  nucleus  by  dei)ressions  in  the  adjacent  vertebral  borders  above 
and  below  I  Figs.  5A,  5B  l.  In  the  lateral  radiographs  of  certain  children 
suffering  from  occasional  low  backache,  the  author  has  observed  excessive  back- 
ward migration.  A  case  in  point  is  illustrated  in  Figure  5C,  of  the  spine  of  a 


Fig.  3.  Disc  disruption  overl.ving  the  site  ol  lieiuisacialization — a  fairly  frequent  occur- 


twelve  year  old  girl  who  complained  of  mild  interval  backache  associated 
with  pain  and  paresthesia  in  the  lateral  aspect  of  the  left  leg. 

Comparing  this  film  with  several  examples  taken  at  similar  ages  in  the  course 
of  routine  survey,  the  excessively  posterior  position  of  the  nuclear  depressions 
are  apparent  not  only  at  the  tender  fourth  interspace  but  also  in  the  adjacent 
levels  above.  Figure  5D  represents  evidence  of  similar  excessive  nuclear  mi- 
gration at  the  fifth  interspace. 

Since  the  flexed  rather  than  the  extended  spine  is  conducive  to  posterior 
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displaroincnt  of  tlio  nuclous,  and  since  the  normal  lordosis  is  obliterated  or 
reversed  in  the  seat(>d  infant,  it  would  seem  possible  that  exeessive  nii<fi-ation 
can  re\-('i't  lo  the  condition  found  at  that  early  pci'iod.  'I'hc  not  uncomnion 
and  widespread  ])ractioe  of  bolsteiinji;  the  infant,  in  the  seated  position  too 
early  and  too  lon<i:  before  sitting  is  assumed  voluntarily  is  well  known.  Further 


Fig.  4.  Diffuse  di.sc  nanowiug  luoiiucing  mild  intermittent  symptoms.  Lesion  suggestive 
of  biochemical  disturbance. 

study  of  this  possibility  might  prove  rewarding  in  explaining  vulnerability  of 
the  disc  in  at  least  a  certain  proportion  of  cases. 

THE  CLINICAL  PICTURE 

Precipitating  Causes  of  Sciatica 

The  comprehensive  studies  of  Hult  (10,  11)  upon  over  eleven  hundred 
workers  show  clearly  the  important  role  of  rei)eated  trauma  in  producing 
sciatica,  which  was  noted  almost  twice  as  frequently  in  heavy  workers  (11%) 
as  in  nonmanual  workers  (6.4%).  A  true  accident  was  held  res])onsible  for 
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the  sciutic  altufk  in  43. 9^'  of  the  cases.  This  coincides  closely  with  personal 
clinical  experience.  In  many  of  the  noni I'annuitio  cases,  one  cannot  fail  lo  he; 
impressed  by  the  ever  jiresent  cciuation  between  the  aging  and  stiffening  spine 
;ind  the  attempt  to  continue  with  youthful  chores.  Hult's  studies  failed  to 
disclose  an  increased  proportion  of  discogenic  symptoms  in  woilvers  whose 
pelves  were  tilted  because  of  inequality  in  the  length  of  the  legs  or  in  those 
who  had  moderate  degrees  of  kyphosis,  scoliosis  or  other  postural  asymmetry 
such  as  lordosis,  or  obesity  of  moderate  degree.  This  also  coincides  closely 
with  the  experience  of  the  author,  who  has  repeatedly  noted  the  surprising 
fi'eedom  from  back  and  sciatic  symptoms  among  patients  with  enormous 
obesity  and  postural  distortion  and  its  not  infreciucnt  occurrence  in  persons 
who  are  markedly  underweight.  Howe\-er,  certain  types  of  extra  demand  do 
seem  to  be  clearly  conducive  to  backache  and  sciatica.  The  fused  hip  and  also 
stiffness  or  ankylosis  in  overlying  regions  of  the  spine  would  seem  to  cause 
sufficient  extra  demand  upon  the  low  back  and  to  produce  symptoms  with  fre- 
([uency  although  probably  only  when  antecedent  disc  deterioration  has  oc- 
curred. The  asymmetric  disc  pressure  of  severe  scoliosis  in  the  lumbar  area 
seems  sufficient  to  produce  initial  and  constantly  increasing  disc  disruption  and 
root  pain  I  Fig.  6j. 

The  Course  of  Sciatica 

It  has  been  stated  that  although  the  relationship  of  disc  disruption  to  the 
liack-sciatic  syndrome  is  clear,  disruption  of  the  disc  does  not  necessarily 
coincide  with  symptoms.  Disrupted  discs  may  remain  totally  silent  and  clinical 
ex})erience  reveals  a  good  chance  of  spontaneous  total  recovery  from  discogenic 
sciatica  even  though  the  disruption  is  irreversible.  Probably  the  most  extensive 
recent  study  of  conservative  therapy  was  made  by  Soderberg  (13),  who  un- 
dertook to  investigate  the  subsequent  course  of  three  hundred  and  ten  pa- 
tients originally  hospitalized  for  severe  sciatica  with  neurological  signs  be- 
tween the  years  of  1930  and  1945.  The  essential  ingredient  of  the  conservative 
therapy  was  bed  rest.  All  except  four  patients  were  personally  examined  by 
liim  as  late  as  twelve  to  eighteen  years  after  hospitalization,  and  information 
about  their  condition  was  obtained  at  four  years,  eight  years,  and  twelve 
years  after  the  acute  attack.  Ten  of  these  three  hundred  and  ten  patients 
were  operated  on  after  the  initial  hospitalization  and  were  excluded  from  the 
survey,  which  concerned  conservative  treatment  only.  The  detailed  findings  of 
this  study  may  be  sought  in  the  original  article;  the  essentials  can  be  sum- 
marized as  follows: 


Fig.  5C.  Lateral  radiograph  of  child  of  twelve  complaining  of  mild  recurrent  low  backache 
and  pain  and  paresthesia  of  the  left  lateral  calf  following  competitive  sport.  Note  excessive 
posterior  migration  at  the  fourth  lumbar  interspace  (probably  also  at  second  and  third  inter- 
spaces). Nuclear  depres.sions  at  fifth  interspace  are  normal. 

Fig.  5D.  Asymptomatic  but  excessive  posterior  migration  at  lumbosacral  level. 
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Average  ix'riod  uf  hospitalization  one  to  two  months 

Average  (hiration  of  symptoms  five  to  seven  months 

Outcome  eiglit  years  after  hospitalization  entirelj'  symptom-free  45.7% 

occasional  mild  pain  24% 

constant  pain  13% 

recurrence  7.3% 

rather  constant  pain  10% 


Fig.  6.  The  effect  of  severe  localized  scoliosis  upon  the  disc. 


A  second  examination  of  these  patients  twelve  years  after  hospitalization  re- 
vealed 51.7%  to  be  entirely  well.  In  this  sin'gically  minded  era,  there  is  a 
tendency  to  underestimate  the  frecjuency  of  sjiontaneous  recovery  from  symp- 
toms desjiite  the  aj^parently  irreversible  nature  of  their  cause.  Probably  inter- 
vertebral stability  may  be  achieved  through  the  development  of  firm  scar 
tissue  or  by  the  subsidence  of  engorgement  and  inflammatory  swelling.  The 
factor  of  nerve  root  pressure  may  be  more  readily  accounted  for.  An  extruded 
mass  may  gradually  diminish  in  size  either  by  absorption  of  exudate  or  by 
absorption  of  the  herniated  disc  itself  by  granulation  tissue  issuing  from  the 
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posterior  ligamont.  Moreover,  the  nerve  can  stretch,  flatten  or  move  to  accom- 
modate the  herniated  material. 

rilK  SIRVKV  Ol'   THE  INDIVIDUAL  PATIENT 

The  comprehensive  survey  of  the  sciatica  sufferer  must  encomi)ass  the  fol- 
lowing: 

1.  The  acquisition  of  insight  into  the  psychological  make-vp  of  the  patient. 
Like  headache,  backache  and  sciatica  are  essentially  subjective  complaints 
and  lend  themselves  easily  and  frequently  to  gross  exaggeration.  Some  insight 
into  whether  the  latter  is  present  and  whether  it  is  referable  to  malingering 
to  evade  service,  for  compensation  or  legal  purposes,  or  due  to  some  psycholog- 
ical disturbance,  may  be  acquired  if  the  patient  is  put  at  ease  during  the  inter- 
view or  if  the  findings  are  not  consistent  with  the  degree  of  somatic  disturb- 
ance. In  our  Department  of  Orthopedic  Surgery  ward  jiatients  hospitalized 
with  sciatica  have  the  great  advantage  of  discussing  their  problems  with  the 
psychiatrist  of  the  Orthopedic  Department;  his  evaluations  have  been  of  great 
help.  Unfortunately,  jirivate  patients  do  not  accede  easily  to  this  type  of 
consultation. 

2.  The  question  of  nondiscogenic  factors.  On  physical  examination,  su- 
perficial evidences  of  neurofibromatosis  may  be  found.  A  tuft  of  hair  over  the 
sacrum  can  reflect  underlying  skeletal  malformation,  which  should  be  studied 
radiograi)hically.  Suspicion  of  retroperitoneal  lesions,  mentioned  above,  may 
be  supported  by  the  finding  of  tenderness  or  masses  on  examination  of  the 
abdomen,  flanks  and  costovertebral  angles.  Radiographs  should  be  cliecked 
for  the  presence  of  ureteral  calculus. 

Skeletal  lesions  in  the  iliac  flares  may  be  difficult  to  detect  on  radiograjihy 
because  of  overlying  gas  (Fig.  7)  and  may  require  repeated  examinations. 
Bony  metastases  in  the  lumbar  vertebrae  or  pelvis  may  cause  severe  pain 
before  becoming  detectable  on  the  radiograph.  Light  percussion  over  the 
suspicious  area  may  suggest  their  jiresence  and  constitute  grounds  for  further 
study.  Percussion  tenderness  when  present  is  an  extremely  valuable  aid  in 
detecting  occult  neoplasms,  infection,  severe  bone  rarefaction,  fracture  and 
Cauda  equina  neoplasm.  Fracture  and  severe  osteoporosis  became  ajiparent 
on  radiography  as  do  metastases  of  sufficient  size. 

3.  The  disc.  Directing  the  study  of  the  patient  to  the  most  frequent  offen- 
ders, the  low  lumbar  interspaces,  the  history  of  the  patient  must  carefully 
review  his  daily  tasks,  with  special  reference  to  prolonged  standing  and  jolting 
in  trains,  heavy  lifting  while  bending  forward  or  stooping  (daily  multiple 
bed  making,  gardening,  laying  of  carpets,  excessive  calisthenics,  etc.).  In  the 
patient  of  middle  age,  private  practice  reveals  that  regular  chores  or  vigorous 
low  back  calisthenics  are  almost  as  often  responsible  for  the  acute  attack  as 
sudden  trauma.  The  number  of  patients  who  disassociate  vigorous  morning 
acrobatics  from  resultant  sciatic  symptoms  is  surprising.  The  jolts  and  tum- 
bles suffered  by  commuting  straphangers  constitute  a  common  source  of  symp- 
toms. The  history  of  preceding  back  pain  or  sciatica  or  both,  the  duration, 
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frequency  of  attacks,  their  past  response  to  treatment,  and  the  type  of  treat- 
ment employed  may  l)e  of  great  help  in  the  planning  of  subsequent  therapeutic 
measures.  The  distribution  of  jiain  should  be  elicited  from  the  patient  as 
accurately  as  possible  as  well  as  the  presence  of  paresthesias.  The  patient 
afflicted  with  severe  sciatica  stands  and  walks  with  his  back  held  in  the  more 
comfortable  position  of  forward  flexion.  The  normal  lordosis  is  flattened  or 


Fig.  7.  Lesion  of  left  iliac  flare  difficult  to  identify  because  of  overlying  gas  bubbles. 

reversed,  the  erector  spinae  muscles  are  spastic,  and  the  spine  is  listed  toward 
the  side  opposite  to  the  pain.  The  list  of  discogenic  pain  may  be  sufficiently 
marked  to  resemble  true  scoliosis  but  it  contains  no  rotary  component  and  it 
subsides  on  recumbency.  The  presence  of  local  low  back  tenderness  and  the 
positive  Lasegue  test  strongly  indicate  involvement  of  low  lumbar  discs. 
When  positive,  the  Lasegue  test  serves  as  a  reliable  indication  of  subsequent 
improvement  or  retrogression  if  the  angle  made  by  the  leg  with  the  trunk  is 
recorded.  If  the  sciatica  is  mild  or  spotty,  however,  none  of  these  findings 
may  present.  Sometimes  the  Lasegue  test  may  reproduce  sciatic  pa'm  at  the 
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iioiiiKil  limit  of  straight  k>g  raisinp;.  Occasionally,  because  of  the  abeyance  of 
direct  contiiiiiatory  findings,  it  may  be  necessary  to  resort  to  the  tlierapeutic 
test  of  low  hack  support,  sometimes  the  results  are  surprising  and  gratifying. 
In  dancers  or  vigorous  calisthenic  addicts,  the  Lasegue  test  can  be  negative 
despite  severe  sciatic  agony.  Palpation  of  the  spinous  processes  may  reveal 
a  "step,"  which  in  association  with  the  appearance  of  a  shortened  trunk,  is 
suggestive  of  true  spondylolisthesis. 

4.  The  neurological  picture.  Primarily,  the  neurological  examination  must 
attempt  to  distinguish  tumor  of  the  cauda  ('(juina  or  cord  from  discogenic 
retropulsion.  Although  this  difYerential  is  of  the  greatest  clinical  importance, 
it  is  especially  difficult  and  not  always  possible.  Instances  of  central  retro- 
pulsion causing  diffuse  pressure  on  the  cauda  equina  pose  the  greatest  problem. 
Some  5  per  cent  of  explorations  for  disc  herniation  reveal  neoplasm  instead 
(15).  Bizarre  sensory  or  motor  findings,  saddle  area  hypesthesia  or  anesthesia 
suggest  prompt  referral  for  neurological  consultation.  Although  actual  pressure 
of  retropulsed  material  upon  the  nerve  root  or  roots  cannot  be  assumed  even 
though  pain  is  of  radicular  distribution,  as  stated  above,  positive  clinical 
evidence  of  such  pressure  may  be  elicited  in  the  history  and  confirmed  in  the 
examination.  In  the  history,  sensations  of  paresthesia  in  the  area  of  pain  dis- 
tribution, weakness  of  knee  or  ankle  function,  and  increase  of  sciatic  pain  on 
coughing,  sneezing  or  straining,  constitute  support  for  the  diagnosis.  The 
examination  of  the  patient  may  yield  certain  evidence  of  root  pressure.  Con- 
sistent areas  of  hypesthesia  may  be  detected,  unilateral  atrophy  of  the  thigh 
or  calf,  and  alterations  in  knee  or  ankle  jerk  and  motor  weakness  indicate 
nerve  root  pressure  more  accurately  than  does  the  distribution  of  pain.  For 
such  examinations  it  may  be  useful  to  remember  that  the  nerve  root  emerges 
one  segment  below  its  separation  from  the  cauda  equina.  The  disc  of  L3  may 
therefore  be  expected  to  produce  pressure  ujjon  the  L4  root  causing  pain 
which  crosses  the  thigh  anteriorly  to  the  inner  aspect  of  the  knee  joint.  It 
may  diminish  the  knee  jerk  and  produce  some  quadriceps  atrophy.  The  her- 
niated disc  at  L4  can  produce  pressure  upon  the  root  of  L5.  Pain  would  be 
anticipated  in  the  anterolateral  aspect  of  the  leg  and  the  dorsum  of  the  foot 
and  weakness  might  present  in  elevation  of  the  foot  and  the  great  toe.  The 
ability  of  the  patient  to  bear  weight  on  the  heel  of  the  involved  foot  may 
be  helpful  in  detecting  such  weakness.  Retropulsion  of  the  disc  at  L5  pressing 
upon  the  root  of  SI  can  cause  pain  in  the  outer  calf,  in  the  side  and  under  sur- 
face of  the  foot.  The  ankle  jerk  might  be  comjiromised  or  absent  and  plantar 
flexion  may  be  weak.  Inability  to  bear  weight  on  the  toes  of  the  involved  leg 
may  reflect  this  weakness.  As  stated  above,  many  factors  can  vary  the  accuracy 
of  this  picture,  especially  the  frequent  occurrence  of  ])r('ssure  upon  roots  that 
emerge  below.  When  the  precise  level  involved  is  important — as  foi'  a  surgical 
approach — myelography  [irovides  more  accurate  information. 

5.  The  radiograph.  Contrary  to  what  might  be  anticipated,  the  sudden  pre- 
cipitation of  disc  retropulsion  after  no  or  short  antecedent  backache  is  not 
promptly  reflected  on  the  radiograph  by  disc  narrowing.  Presumably  because 
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of  the  small  range  of  motion  at  low  lumbar  spaces,  disc  narrowing  and  second- 
ary hyix'rtrophic  changes  may  not  l)e  apparent  until  many  months  or  even 
years  after  the  acute  attack  has  ])assed.  As  stated  above,  the  function  of 
simple  radiography  of  the  low  back  and  pelvis  is  mainly  that  of  excluding 
possible  congenital  anomalies  such  as  spondylolisthesis  (Fig.  8l,  spondylolysis 
or  other  skeletal  variations  or  lesions  of  the  low  back  and  pelvis.  The 


Fig.  8.  Severe  spondylolisthe.sis  producing  minimal  symptom?;  only  after  heavy  lifting. 

narrowing  which  is  so  common  at  the  lumbosacral  interspace  is  often  develop- 
mental and  does  not  necessarily  reflect  discogenic  disease.  When  it  is  associated 
with  osteoarthritic  lipping,  it  indicates  an  old  lesion  of  long  duration.  At 
higher  levels  the  nari'owcd  interspace  is  indicative  of  longstanding  disruption. 
The  disc  that  on  radiography  is  markedly  narrowed  and  osteoarthritic  can  be 
manifest  clinically  in  smoldering  symptoms  resulting  from  secondary  changes 
in  bones  and  facets.  It  is  not  compatible  with  the  cause  of  new  intense  sciatica 
which  can  be  safely  attributed  to  an  adjoining  newly  involved  level  not 
apparent  on  the  roentgen  film  (Fig.  2A,  2Bj. 
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TIIK   I'EANNINC  OF  TREATMENT 

The  plnniiiiit!;  of  treat mcnt  foi-  the  in(li\  i(lu:il  |)atient  must  take  into  consid- 
eration many  :is])ects,  general  and  individual.  When  severe  and  crippling  dis- 
eogcnic  sciatica  with  evidence  ol'  nerve  root  jjressvu'e  exists,  the  question  of 
l)r()inpt  surgical  intervention  as  opposed  to  a  trial  of  conservative  therapy  re- 
mains an  area  of  controversy.  Some  higlily  skilled  surgeons  believe  that  any 
evidence  of  pressure  on  nerve  roots  calls  for  prompt  removal  of  extruded 
tissue,  perhaps  supplemented  by  fusion  of  the  adjacent  vertebrae.  Others, 
including  the  author,  are  inclined,  with  certain  exceptions,  to  reserve  the  sur- 
gical apjiroach  until  at  least  a  fair  trial  of  conservative  therapy  has  failed  to 
yield  improvement.  Exceptions  would,  of  course,  include  the  persistence  or 
increase  of  intolerable  sciatic  pain  on  recimibency,  a  long  history  of  unremit- 
ting incapacitating  pain  or  frequent  recurrences,  the  inability  of  some  patients 
to  accept  prolonged  recumbency,  and  especially,  the  findings  of  significant 
or  progressive  motor  weakness  or  sensory  loss.  Recovery  of  motor  changes 
may  not  occur  unless  root  pressure  is  promptly  relieved.  Although  the  mech- 
anism of  spontaneous  recovery  is  not  clearly  understood,  clinical  experience 
indicates  that  in  suitable  cases  benign  and  lasting  recovery  may  ultimately 
be  anticipated  in  at  least  the  proportion  of  cases  indicated  in  Soderberg's  study 
as  reviewed  above.  In  less  violent  cases,  the  response  is  even  higher.  In  justifi- 
cation for  the  trial  of  nonsurgical  therapy  even  in  cases  which  show  some 
evidence  of  nerve  root  pressui'e,  Soderberg's  eight-year  results  of  conservative 
therapy  are  charted  in  comparison  with  the  results  of  simple  disc  removal 
(17)  and  with  the  results  of  disc  removal  plus  spinal  fusion  (18)  (Chart  1). 
While  these  data  emanate  from  diff'erent  sources  and  were  subject  to  the  in- 
terpretation of  different  observers,  they  are  sufficiently  comparable  to  indicate 
that,  in  accordance  with  the  concept  of  earlier  times,  sciatica  is  frequently 
self-limited  and  that  after  either  the  surgical  or  nonsurgical  approach, 
recurrences  are  not  too  frequent.  Although  response  to  conservative  therapy 
is  slower  and  less  predictable  than  that  following  excision  of  the  herniated 
disc,  few  patients  informed  of  the  general  picture  would  not  elect  a  trial  of  re- 
lief without  surgical  intervention.  Obviously  the  failure  to  improve  or  to 
evidence  retrogression  while  the  patient  is  on  total  bed  rest  would  suggest 
resort  to  surgical  operation.  Those  (including  the  author)  who  favor  trial  of 
nonoperative  therapy,  when  unsuccessful,  are  eventually  blamed  by  the  patient 
for  the  "needless"  delay  of  operation.  However,  such  accusations  are  easily 
outweighed  by  the  appreciation  of  those  patients  who  have  recovered  and 
stayed  well  without  operation. 

The  cardinal  principle  of  conservative  treatment  is  recumbency.  Entirely 
empii-ical,  its  virtue  is  based  upon  long  experience.  The  initial  period  of  bed 
rest  is  continued  for  a  period  of  at  least  two  to  four  weeks  and  maintained  for 
longei'  if  there  is  some  but  insufficient  progress.  Since  the  jjurpose  is  to  relieve 
the  spine  of  weight  bearing,  the  patient  is  not  permitted  to  sit,  but  he  may 
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roll  from  si(l(>  to  .side  and  is  encouraged  to  do  so.  Sometimes  the  application  of 
])elvic  traction  is  useful— more  for  the  sake  of  assuring  recumbency  than  for 
any  ilii-cct  benefit  that  might  accrue  from  the  pull  of  the  weights.  One  or 
two  pillows  are  usually  allowed  and  occasional  support  under  flexed  knees 
may  be  useful  in  diminishing  the  pain.  If  the  patient  becomes  dissatisfied 

CHART  1 


CONSERVATIVE  THERAPY 
(SODERBERG) 

45.7% 


OCCASIONAL       CONSTANT  CONSTANT 
FULLY  RECOVERED     MILD  PAIN  MILD  PAIN       RECURRENCE  PAIN 


SIMPLE  DISC  REMOVAL 
53%  (SEMMES  &  MURPHEY) 


FULLY  RECOVERED  QQQn  SATISFACTORY  POOR 

Comparative  results  of  surgical  and  nofi-surgical  cases. 


CH.-VRT  I,  (\)>/i poriilirr  Rcsiills  in  Siiigiral  niirl  N o)inii rgical  Cases. 

because  of  the  apparent  lack  of  more  direct  active  treatment,  very  cautious 
mild  physiothei'apy  may  be  employed,  mainly  for  diversion.  When  the  program 
of  prolonged  bed  rest  is  utilized,  regular  periodic  testing  is  imiiortant.  The  sen- 
sory, motor,  reflex  and  Lasegue  te.sts  can  l)e  performed  in  recumbency  and  are 
important  not  only  to  determine  jiiogress  but  to  detect  the  rare  instances  of 
retrogression  that  can  occur  even  during  recumbency.  If  and  when  sufficient 
evidence  of  impi'ovement  presents,  the  patient  is  provided  with  a  back  support 
(corset  or  Ijrace)   and  permitted  giadually  increasing  periods  out  of  bed. 
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As  p;iin  diminislu^s,  cai'cl'ully  guifled  cxci'ciscs  may  he  uscil  to  I'cstoi'c  nuisclc 
tone  and  control  while  llii'  discs  of  llic  low  back  ai'c  pi'otcctcd  iVom  undue 
strain.  For  those  who  have  milder  degrees  of  low  hack  i)ain  and  sciatica,  it  is 
often  possil)le  to  omit  the  the  initial  bed  rest  and  to  stai't  the  program  instead 
with  the  back  support.  Much  gain  can  result  fi'om  careful  analysis  of  the  pa- 
tient's daily  activities.  It  is  surprising  how  often  violent  calist lienics,  long- 
standing, jolting  conunuting  trii)s,  and  vxvn  tennis  games  or  iiorseback  I'iding 
may  constitute  so  imjjortant  a  i)ai't  of  the  life  of  the  patient  that  they  are 
l)ursued  with  no  awareness  of  the  relation  they  may  bear  to  the  persistence  if 
not  the  cause  of  the  low  back-sciatic  syndrome.  Similarly,  the  constant  stoop- 
ing recjuired  for  daily  multiple  bed  making  and  heavy  lifting  must  be  dis- 
covered and  eliminated  if  recovery  is  to  be  expedited.  Instruction  in  the  per- 
formance of  essential  chores  such  as  bending  at  the  knees  rather  than  the 
low  back  is  of  help.  Also  of  considerable  value  is  the  recommendation  that 
daily  recumbency  be  increased  to  twelve  or  even  sixteen  hours.  In  mild  cases, 
the  simple  control  of  daily  activities  in  this  way  may  suffice  to  dispel  the  symp- 
toms. 

As  might  be  expected,  these  measures  usually  give  relief  for  the  curi'ent 
episode  only.  When  the  history  discloses  a  long  series  of  previous  attacks, 
the  choice  rests  between  permanent  curtailment  of  activities  which  cause 
back  strain  or  rehabilitation  by  surgical  operation.  Although  recurrences  of 
severe  sciatica  are  relatively  rare,  they  do  occur,  as  do  longstanding  cases 
unresponsive  to  conservative  treatment.  In  such  circumstances,  and  in  cases 
which  exhibit  major  neurological  findings,  surgical  operation  offers  the  only 
pi'osjicct  of  lasting  relief.  Extruded  disc  tissue  requires  excision  and,  in  the 
author's  opinion,  fusion  across  the  involved  spinal  level  adds  permanence  to  a 
favorable  result. 

The  ciuestion  of  whether  or  not  fusion  should  be  added  routinely  to  simjile 
removal  of  the  disc  still  remains  controversial  and  beyond  the  scope  of  this 
paper.  Young  and  Love  (18),  Barr  (19),  Stinchfield  (201,  and  Compere  (21) 
favor  fusion,  while  Bucy  (1  j  and  Semmes  and  Murphey  ( 17)  have  expressed  the 
contrary  view.  Their  reasons  are  available  in  the  writings  mentioned. 

SUMMARY  AND  CONCLUSIONS 

On  the  basis  of  our  knowdedge — and  lack  of  it — aboiit  discogenic  sciatica, 
the  present  study  stresses  the  importance  of  painstaking  and  comprehensive 
observation  of  the  individual  patient  who  suffers  from  jiain  radiating  into  the 
lower  extremity. 

The  nerve  pathways  that  may  reproduce  sciatic  pain  are  reviewed,  together 
with  examples  of  the  many  lesions  that  may  be  resjjonsible.  The  most  frequent 
offender,  the  disc  lesion,  is  then  described  from  the  viewpoint  of  pathology. 
Its  development  and  anatomy  are  touched  upon,  together  with  the  more  recent 
concepts  concerning  the  distinction  between  the  physiological  evidences  of 
aging  and  those  referable  to  pathological  disruption. 

From  the  clinical  aspect,  the  curious  discrepancy  between  irreversil)le  dis- 
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iiiinion  and  its  sciatic  reflection,  whicii  may  he  transitory  and  often  self 
limited,  is  empliasized.  The  not  uncommon  occurence  of  entirely  painless  but 
severe  disruption  of  discs  is  also  mentioned,  to<>;ether  with  statistical  supi)ort 
of  the  relativi'  infreriuency  of  recurrences  of  acute  sciatica  and  its  frequent 
and  lasting  arrest  following  nonsurgical  therapy.  Accordingly,  discogenic  sciat- 
ica may  be  often  jiroperly  considered  apart  from  its  known  pathological  basis 
and  does  not  necessarily  re(|uire  i'en)oval  of  extruded  disc  tissue  or  fusion  of  the 
adjacent  vertebrae  for  the  i-elief  of  symptoms. 

The  importance  of  caretul  and  detailetl  clinical  study  of  the  patient  can- 
not be  oveiemi)hasized  for  the  elimination  of  nondiscogenic  lesions,  for  the 
elimination  of  contributory  causes  which  may  jilay  a  role  in  causing  pain, 
and  for  the  i)lanning  of  treatment.  The  various  aspects  of  this  study  are  con- 
sidered separately  and  their  relation  to  surgical  and  nonsurgical  therapy  is 
indicated.  The  applicability  of  various  therapeutic  measures  is  discussed  in  the 
light  of  the  survey  of  the  jiatient. 

Paramount  is  the  principle  that,  although  disc  disruption  is  the  common 
offender,  the  prol)lem  of  therapy  remains  clinical  and  individual  and  de- 
pendent uj)on  the  careful  and  sustained  observation  of  the  patient.  Therapy 
cannot  be  cursorily  pigeonholed. 
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01»servati<)ii  in  Ojihllialiiiology 

G.  E.  ARRINGTON,  JR.,  M.D.* 

R ichmond,  Virginia 

"Observation  is  the  iiKlisi)ut;ible  foundation  for  medical 
thought .  . ." 

Sigerist 

Observation,  as  the  term  is  used  in  medicine,  is  the  act  of  watching  atten- 
tively and  gathering  data  from  scientific  studies  in  which  facts  or  occurrences 
are  recognized  and  noted  ( 1 ) . 

The  Latin  source  of  the  word  "observed"  is  oh-servare  meaning  to  save  or  to 
keep.  From  this  root  meaning  two  terms  have  come  into  English,  namely  oh- 
servation,  a  later  term  with  which  we  are  concerned  here,  and  observance,  an 
earlier  term  which  means  to  heed,  or  celebrate  or  keep  rules,  customs  or  rites. 
While  I  shall  not  be  considering  this  second  meaning  extensively  one  cannot 
disregard  it  entirely  for  it  can  readily  be  seen  that  when  one  gathers  data  or 
watches  attentively  the  selection  or  saving  of  certain  parts  and  rejection  of 
others  is  inevitable,  so  that  the  relationshij)  of  the  whole  basic  idea  of  the  term 
becomes  apparent  in  its  medical  usage. 

If  we  turn  to  the  Latin  from  which  the  word  springs,  further  understanding 
of  connotations  can  be  obtained  (2).  Observatio,  f.,  (observo)  was  used  by 
Cicero:  summa  erat  observatio  in  bello  movendo.  The  term  suggests  care,  ac- 
curacy, exactness  and  circumspection;  all  of  these  ideas  are  present  in  our  cur- 
rent medical  use  of  the  term  observation.  The  Romans  also  spoke  of  observing 
nature  and  used  the  term  animadversio  {notatio  naturae  et  animadversio) ,  giv- 
ing "observation"  the  meaning  of  attending  to.  They  spoke  of  observing  the 
stars  (observatio  sideruni)  and  gave  to  the  power  of  observation  the  character- 
istics of  acuteness  (ingenii  acumen) .  It  is  interesting  that  the  first  observations 
of  acuteness  of  vision  were  based  on  the  ability  to  distinguish  single  from  dou- 
ble stars.  It  was  the  astronomer  Hooke  who  in  1705  determined  the  minimum 
separable  as  one  minute  of  arc,  a  theory  on  which  the  elements  of  subsequent 
tests  of  vision  were  based.  Later  observation  further  reduced  this  figure.  The 
Latin  terms  an  observer,  speculator  {speculator  venatorque  naturae),  an  ob- 
server of  nature,  that  is,  one  who  looks  out,  thus  bringing  vision  firmly  into 
observation. 

With  these  meanings  of  observation  in  mind,  it  could  hardly  be  questioned 
that  ophthalmology  is  especially  justified  in  concerning  itself  with  observation. 
Ophthalmology  is  the  medical  study  of  vision,  of  the  structures  and  functions 
that  subserve  vision  in  health,  and  of  the  pathological  variants  of  these  with 
their  causes  and  effects  and  treatments  in  disease.  Observation  being  jjartly  a 
visual  act,  it  l)elongs  in  tlie  realm  of  interest  of  ophthalmology. 

*  A.stii.stant  Professoi'  of  Medical  Hi.story  and  Associate  in  Ophtlialniology,  Medical 
College  of  Viiginia. 


324 


OBSERVATION   IN  OI'HTHALMOl.OCJY 


.■125 


The  second  reason  for  ophthalmology  to  take  interest  in  ol)ser\-ati()n  lies  in 
the  fact  that  observation,  as  Sigerist  said,  is  the  loiuuhit ion  for  iiKMhcal 
thought,  and  ophtlialinolo^ical  t liou.^ht  i-cniains  nie(lic;d  thoii<iht:  iVoin  a  s|)e- 
cial  viewpoint. 

We  may  not  assume  that  scientific  oi-  medical  oi'  oplit lialm()h)^ical  ()l)serva- 
tion  is  something  totally  different  fi'om  the  observation  used  by  us  all  as  a 
signifieant  part  of  ordinary  life  at  every  turn.  It  is  not,  of  course,  although  the 
scientific  use  of  this  natural  endowment  of  man  to  perceive  meaningfulness  in 
himself  and  in  liis  surroundings  is  merely  that  same  faculty  that  we  use  casu- 
ally in  everyday  life  but  which  in  the  sciences  is  brought  near  to  its  ultimates 
of  expansion  (as  in  astronomy)  and  constriction  (as  in  microscopy)  and  which 
is  both  generalized  to  serve  an  explanation  of  the  stupendous  flashes  of  cosmic 
forces  and  particularized  to  serve  concentration  on  the  tracing  of  single  atomic 
particles. 

In  ophthalmology  these  widely  divergent  scientific  aspects  of  observation 
have  full  application  in  a  wide  range  of  physical,  chemical,  and  biological  re- 
lations. But  as  in  medicine  generally,  observation  is  at  work  also  on  the  clini- 
cal side  where  one's  powers  as  an  observer  are  constantly  being  tested  across  a 
broad  spectrum  of  diagnostic  and  therapeutic  responsibilities  which  range  from 
discovering  the  alterations  of  ocular  tissues  to  the  measurement  of  optical  re- 
quirements and  to  the  disturbances  of  behavior  which  result  from  ocular  or 
visual  loss  or  disturbance. 

The  discerning  clinical  and  research  ophthalmologist  inevitably  and  repeat- 
edly is  brought  face  to  face  with  the  necessity  to  refine  and  use  his  most  dis- 
cerning powers  of  observation.  These  powers  are  based  on  the  sense  of  vision 
although  other  senses,  especially  touch,  may  play  a  role.  I  have  often  con- 
sidered that,  in  view  of  the  neglected  state  of  the  senses  of  our  young  medical 
graduates,  some  practice  designed  to  enhance  ]ierceptual  pow-ers  would  be  in 
order.  Observation  presupposes  the  ability  to  direct  and  to  concentrate  one's 
attention  volitionally  on  the  desired  elements  of  the  total  visual  world,  and  it 
presupposes  trained  retentiveness  (saving)  of  selected  data  observed.  Thus,  I 
have  wondei'ed  if  some  practice  in  visual  tasks  might  not  be  devised  that  would 
be  useful  in  training  medical  students  to  observe  more  critically.  It  seems  ob- 
vious that  we  cannot  tolerate  any  further  perpetration  of  the  myth  of  infalli- 
bility of  instrumentation  in  medicine  if  we  are  to  regain  the  refined  use  of  our 
senses.  The  very  existence  of  a  symposium  such  as  this  implies  a  need  to  re- 
emphasize  observation,  and  observation  is  based  on  personal  attributes  that 
can  be  trained  and  brought  to  flower.  In  ophthalmology,  for  examjile,  one  may 
ask  whether  the  tonometer  should  replace  the  fingers  gently  palpating  the 
firmness  of  the  eyeball?  Should  x-ray  air  studies  of  the  orbit  replace  the  pal- 
pating fingers  on  the  tumor  mass?  The  same  questions  ajiply  to  many  medical 
problems  outside  ophthalmology,  as  well.  Should  the  student  learn  to  observe 
the  patient's  effects  on  instruments  while  neglecting  effects  in  the  patient  him- 
self? If  we  continue  to  yield  to  the  mechanical  side  of  medicine  in  an  uncritical 
way,  observation  in  medicine  is  l)ound  to  suffer,  as  it  has  already.  What  do  we 
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stand  to  gain  and  what  might  we  lose  by  continuing  tliis  recent  abdication  or 
neglect  of  observation  of  the  patient  in  medicine? 

The  proponents  of  this  abdication  point  to  the  fact  that  instrumental  obser- 
vation is  more  precise  and  dependable  than  observation  by  the  unaided  senses. 
The  question,  of  course,  is  whether  this  accurate  observation  is  really  observa- 
tion of  the  jiatient  or  whether  it  is,  at  times,  observation  of  the  machine  and  its 
effects. 

The  opponents  of  this  trend  lament  the  dehumanizing  and  depersonalizing 
influence  on  medicine  of  such  an  emphasis  on  the  partial  effect  which  is  em- 
bodied in  the  machine.  They  demand  the  ultimate  introduction  of  the  partial 
observation  into  a  larger  observation  of  the  whole  of  man,  or  disease,  or  health, 
or  vision.  This  is  reciuisite  if  the  true  complete  significance  of  the  part  is  to  be 
attained. 

Indeed,  they  say  that  the  selection  of  the  part  that  is  to  be  observed  depends 
initially  on  the  fullness  of  observation  of  the  dynamic  whole  and  on  the  scope 
of  understanding  that  results  from  full  observation  in  the  first  place. 

The  latter  view  seems  to  me  to  take  the  most  of  the  problem  into  account 
and,  for  this  reason,  it  seems  to  point  to  a  more  fruitful  ultimate  realization  of 
both  generalizing  as  well  as  particularizing  observation  in  medicine.  These  two 
terms  are  selected  with  care.  They  exemplify  the  fact  that  observation,  as  I 
am  considering  it,  goes  far  beyond  sensualistic  aspects  to  include  intellectuali- 
zation,  comprehension,  evaluation  and  the  establishing  of  relationships.  There 
is  then,  as  I  understand  the  term,  a  synthetic  and  holistic  nature  in  observa- 
tion. One  might  say  there  is  as  much  sense  as  there  is  sensation  in  observation. 
Indeed,  truly  meaningful  vision  is  reached  only  when  this  highly  personal, 
synthetic  element  is  achieved.  Such  vision,  which  is  ])rerequisite  to  observa- 
tion, includes  the  whole  organismic  concept  that  we  call  man. 

In  ophthalmology,  these  two  aspects  of  observation  have  interacted  from  the 
very  beginning,  although  it  is  chiefly  generalization  that  is  associated  with 
primitive  and  archaic  medicine  while  the  attention  to  observing  particulars 
grew  little  by  little  until  it  finally  dominated  medical  science  in  the  nineteenth 
century  and  even  in  much  of  our  own  century.  It  is  only  a  recent  departure  of 
medical  thought  to  observe  once  again  total,  integrated  man  and  disease,  and 
there  is  promise  of  a  continued  strengthening  and  ordering  of  medical  concepts 
by  this  means  in  the  future  without  forfeiting  any  of  the  technological  ad- 
vantages. 

As  I  have  noted  in  previous  writings,  ophthalmological  history  closely  paral- 
lels general  medical  history.  This  is  apparently  due  to  the  general  action  of  cul- 
tural, philosophical  and  scientific  trends  and  developments  of  an  age  on  the 
whole  of  medicine  including  ophthalmology.  Observation  being  largely  a  visual 
act,  we  should  expect  both  what  is  selected  to  be  observed  and  what  is  observed 
therein  to  be  quite  different  at  different  times  of  history ;  this  is  very  much  the 
case.  I  believe  that  we  can  attain  a  fuller  sophistication  of  observational  po- 
tentialities in  ourselves  if  we  observe  how  past  contributors  to  ophthalmology 
looked  at  the  same  things  that  we  see,  and  how  they  interpreted  and  gave  their 
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own  values  to  what  tlicy  saw,  and  liow  llicsc  interpretations  and  \-alues  matcli 
oi'  are  (lilTci'ent  from  our  own. 

HISTORICAL  CONSIDERATIONS 

\Vc  may  begin  with  observation  itself.  Vision,  which  as  I  have  indicated  is 
the  keystone  of  observational  powers,  and  the  eyes  as  the  organ  of  vision,  were 
and  still  are  considered  to  be  of  the  highest  value  by  primitive  people.  Obser- 
vational powers,  using  vision  principally,  constitute  the  best  insurance  against 
natural  enemies  and  destructive  forces.  A  blind  man  in  the  chaotic  surround- 
ings of  primitive  existence  is  bound  to  fall  or  to  be  felled.  By  extension,  this 
power  of  observation  to  protect  and  preserve,  to  find  meanings,  to  guide  ac- 
tions and  to  bring  health  and  life  to  man,  was  considered  to  be,  in  its  most 
highly  developed  form,  a  god-like  attribute.  Thus  the  omniscience  of  the  gods 
was  based  on  the  all-seeing  eye.  Indeed  the  human  possessor  of  great  vision, 
that  is,  one  capable  of  collecting  extensive  data,  and  of  ordering  and  main- 
taining understanding  gained  by  personal  observation  of  life  and  its  ways, 
came  to  be  revered,  praised,  hailed  and  finally  deified.  This  was  true  of  such 
early  figures  as  Imhotep,  Horus,  Aesculapius,  and  others.  A  touch  of  this  rever- 
ence can  be  felt  especially  among  the  laity  regarding  such  recent  medical  fig- 
ures as  Sir  William  Osier,  Sir  Alexander  Fleming,  Madame  Curie,  Louis  Pas- 
teur, Harvey  Gushing,  Albert  Schweitzer  and  others. 

Today  w'e  live  in  a  more  orderly  world.  Cities  are  divided  into  regular  blocks. 
Streets  are  wide  and  straight.  Sidewalks  are  high  and  free  of  obstacles.  Traffic 
is  regulated  by  signs  and  lights.  Houses  are  arranged  logically  by  plan  and 
work  places  have  dependable  arrangements  as  well.  Here,  while  there  are  cer- 
tain challenges  and  even  threats  for  the  blind  man,  to  be  sure,  and  while  blind- 
ness means  tragedy  and  isolation  in  many  ways,  it  no  longer  need  signify 
death.  Survival  of  the  blind  has  been  enhanced  by  social  forces  which  aim  to 
educate,  enlighten,  cheer  and  sustain  the  blind  persons  among  us.  In  return  the 
blind  have  rewarded  society  with  many  contributions  to  labor,  the  arts,  the 
profession  and  politics.  The  disapprobation  of  blindness  has  been  greatly  mod- 
ified by  modern  civilization;  interestingly  enough,  the  mystery  of  vision  has 
been  largely  devalued  as  well.  In  truth  vision  still  remains  as  much  a  mystery 
as  life  and  thought  and  memory,  and  all  these  are  components  of  observation. 
Thus,  in  its  essence  we  cannot  discuss  the  "what"  of  observation  but  only  how 
we  use  it.  Nevertheless,  among  intelligent  persons  today  there  no  longer  re- 
mains any  superstition  attached  either  to  vision  or  to  the  loss  of  it.  The  evil 
eye  is  looked  upon  today  as  an  amusing  relic  as  is  the  oracular  power  attrib- 
uted to  blind  soothsayers.  But  in  mythology  eyes  figured  strongly,  from  the 
single  eye  of  Cyclops  to  the  hundred  eyes  of  the  Argus;  the  extent  of  observa- 
tional powers  and  therefore  the  formidableness  of  an  adversary  rested  upon 
the  numbers  of  these  organs  of  observation.  Thus  from  the  earliest  times  man 
recognized  the  relation  of  vision  to  power  and  used  the  destruction  of  vision  as 
the  definitive  means  for  limiting  or  destroying  power.  Power,  whether  personal, 
scientific,  or  military,  is  based  largely  upon  observation;  it  is  for  this  reason 
that  outside  of  science,  perhaps  the  most  important  use  of  observation  is  in  the 
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military.  Th\i>  the  generals  of  every  age  have  depended  upon  their  observation 
posts.  Is  not  medicine  a  sort  of  war  with  the  forces  of  preservation  opposing 
tlic  forces  of  destruction?  The  {ihysician  assembles  his  armamentarium,  ob- 
serves the  characteristics  and  virulence  of  his  enemy  and  then  directs  his  thera- 
peutic attack,  but  the  patient  is  more  than  the  battleground  of  this  conflict.  In 
recounting  the  facts  of  his  pathography  he  is  a  partner  with  the  physician, 
sharing  the  effort  to  observe  correctly  his  own  diseased  state  within  the  scope 
of  his  ability  and  guided  by  the  physician  who,  by  experience  and  knowledge, 
knows  where  to  look  and  what  to  observe.  The  physician  knows  that  the  pa- 
tient, while  in  effect  he  is  the  disease,  is  also  much  more,  namely  the  potential 
ultimate  victim  of  his  state  of  disease.  Thus  the  physician  observes  not  only 
diseases  but  the  pathos  of  man.  At  this  point,  observation  assumes  a  new  and 
more  noble  and  personal  character.  It  is  here  (as  indeed  it  was  with  Hippoc- 
rates 2400  years  ago)  that  observation  demands  an  important  new  vestment, 
namely  that  of  ethics.  What  we  observe  then  determines  many  collateral 
things,  not  the  least  of  which  is  a  moral  setting  in  which  the  observation  can  be 
conducted.  The  privilege  to  observe  presupposes  protection  of  the  observed.  As 
a  consequence  partly  of  this  side  of  observation,  a  special  set  of  laws  and  mores 
related  to  the  physician  has  evolved,  beginning  with  Hammurabi's  code  and 
involving  religious  doctrine  and  common  law  ever  since  to  our  own  day. 

It  was  the  ancient  Greeks  who  introduced  this  shaping  of  observation  of  man 
in  disease  and  it  was  the  Greeks  (specifically  Hippocrates)  who  formulated 
(or  adopted,  as  Ludwig  Edelstein  holds)  a  suitable  code  of  ethics  to  accom- 
pany it.  The  Greeks  noted  and  recorded  for  us  their  observations  concerning 
many  external  ocular  disorders  such  as  trachoma,  which  they  treated  by  abra- 
sion (ophthalmoxysis) ,  cauterization  and  even  peroxide  of  copper.  They  also 
recorded  their  observations  of  pterygium,  chalazion,  and  entropion.  Their  ob- 
servations extended  beyond  the  external  disease,  however,  to  posthaemor- 
rhagic  amaurosis,  nystagmus  and  strabismus.  ]\Iuch  remains  to  be  learned 
about  their  concepts  of  cataract  and  glaucoma,  but  it  is  generally  assumed 
that  they  confused  these  two  diseases.  Thus,  their  observations  led  them  to 
know^  the  course  of  ej^e  diseases;  by  means  of  this,  highly  accurate  prognoses 
could  be  made  and  on  this  basis  limited  treatments  could  be  instituted.  Diag- 
nosis and  classification  were  of  little  importance  in  Hippocratic  medicine  as 
developed  on  the  Island  of  Cos  although  they  were  more  important  to  the 
Cnidian  School. 

Plato  hypothesized  that  vision  was  the  product  of  an  outflow  of  "fire"  from 
the  eye  that  mixed  with  an  ethereal,  external  fire.  This  idea  was  compatible 
with  his  man-centered  philosophy.  It  is  possible  that  his  idea  sprang  from  his 
observation  of  reflective  animal  eyes.  Aristotle  (384-322  B.C.),  who  was  Pla- 
to's pupil,  differed  with  his  great  teacher  on  this  important  ]ioint,  observing 
that  man  cannot  see  in  the  dark.  He  derived  the  first  sensualistic  concept  of 
vision  as  being  the  result  of  an  inflowing  influence  on  a  receptive  organ,  al- 
though he  had  no  knowledge  of  the  physics  of  light.  He  also  made  obser^-a- 
tions  of  the  weak  sight  of  old  age  and  of  the  anatomy  of  the  eye. 

Aristotle  was  not  content  to  leave  vision  itself  on  a  purely  sensualistic  basis. 
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lie  sjiid,  "What  |)crc('i\-('s  is  of  course  a  spatial  inagnitiuk',  hut  we  must  not 
a(hiiit  that  cithci'  the  haxiiiii;  the  power  to  perceive  or  the  sense  itself  is  a  mag- 
nitude; what  they  are  is  a  certain  ratio  or  power  in  a  magnitude"  (3). 

^^'hile  acknowledging  Aristotle  as  the  source  of  a  sensualistic  concept  of  per- 
cei)tion,  we  aic  concerned  equally  to  acknowledge  his  even  more  profound 
metai)hysical  expression  of  the  powei'  to  perceive,  i.e.,  of  the  visual  sense  it- 
self, the  eye  being  only  an  eye  in  so  far  as  it  is  an  "actualized"  visually  func- 
tioning, integral  part  of  the  total  human  organism. 

Observation  in  ophthalmology,  as  well  as  medicine  in  general,  became 
strongly  anatomical  in  the  hands  of  the  greatest  physician  and  anatomist  of 
antiquity,  Galen  (a.d.  129-200).  The  search  for  a  physical  anatomical  seat 
of  vision  was  diligently  made.  For  Galen  the  essential  organ  of  vision  was  the 
crystalline  lens,  the  retina  being  an  extension  of  the  brain  which  conveyed  the 
changes  in  the  lens  to  the  brain.  Although  Galen  retained  vestiges  of  both 
Platonic  and  Aristotelian  concepts  of  vision,  he  did  not  fail  to  observe  that 
there  are  two  eyes  and  that  vision  with  two  eyes  is  different  from  vision  with 
one  eye.  Thus  he  initiated  interest  in  binocular  vision  and  called  attention  to 
what  can  only  have  been  an  auto-observation,  namely,  that  one  can  see  around 
more  of  a  column  with  two  eyes  than  with  only  one.  He  related  this  functional 
observation  to  his  anatomical  observation  of  the  two  optic  nerves  and  the 
chiasm. 

Galen's  ob.servations  of  the  anatomy  of  the  Barbary  ape  led  him  far  along 
the  road  to  understanding  the  anatomical  structure  of  man,  but  he  was  wrong 
in  several  crucial  areas,  specifically,  the  heart,  the  brain  and  the  eye.  If  his 
investigational  tradition  had  continued  uninterruptedly,  instead  of  being  re- 
placed by  a  tradition  of  disinterest  in  this  world,  corrections  of  these  errors 
undoubtedly  would  have  come  much  earlier.  The  fact  that  this  did  not  happen 
is  perhaps  the  most  significant  proof  of  the  interaction  of  general  cultural  in- 
fluences on  science  and  medicine. 

It  is  interesting  and  a  bit  disquieting  to  realize  how  completely  and  rapidly 
men  ceased,  for  the  extended  period  known  as  the  Dark  and  Middle  Ages,  to 
exert  their  powers  of  observation.  Symbolically  they  closed  their  eyes  in  prayer, 
severing  visualization  of  their  natural  existence,  and  fell  into  their  litanies  of 
faith  which  came  to  include  finally  even  Galen's  teleological  anatomical  con- 
cepts. Dressed  in  the  armor  of  church  sanction,  these  tentative  beginnings 
chained,  confined,  and  finally  rusted  away  the  investigative  minds  of  all  but  a 
few,  brave  exceptions. 

Among  the  great  exceptions  was  the  Franciscan  friar,  Roger  Bacon  (1214— 
1292),  the  medieval  scholar  who  opened  the  way  to  earlier  writings,  especially 
those  of  Aristotle,  through  his  grammar  of  the  Greek  language.  Bacon  was  the 
great  and  original  Western  contributor  to  optics  who  led  to  the  therapeutic  use 
of  glass  lenses.  This  great  ophthalmological  innovation  sprang  from  the  herald 
of  the  experimental  method. 

The  exiicriniental  method,  tlie  classical  basis  of  scientific  thought,  rests 
SQuarely  on  observation. 

In  the  Eastern  or  Arabic  medieval  world,  characterized  by  strong  mathe- 
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UKitical  interests  ami  orisiiiialit y,  Ihu-Al-Tlaithain  (Alliazen)  (a.d.  965-1039) 
l)e;j;an  to  solve  pi'ohlenis  of  I'eliection  iroiu  iiiiri'ors  and  I'etraction  by  lenses. 
Once  a^ain,  a  nionientons  contribution  was  derived  I'roni  homely  ol)servation. 
A  stick  half  siibnieriicd  in  water  must  have  a]ipeared  angiUated  to  many  ob- 
servers l)efore  Alhazen,  but  it  was  he  who  tlnally  observed  the  consistencies  of 
this  phenomenon  and  others  as  well,  such  as  the  inverted  ima^e  jn-oduced  by 
light  passing  through  a  chink  in  a  wall  into  a  dark  room,  which  later  came  to 
be  known  as  the  camera  obscura  (della  Porta,  1540-1615). 

A  new  avemie  of  investigation  was  opened  by  Alhazen's  treatises  on  optics 
and  light.  Anatomy  was  gi^■cn  a  new  pvu'pose,  namely  to  find  a  structural  basis 
for  optical  imagery.  IMore  than  this  was  the  anticipation  of  the  union  of  phys- 
ics and  sensation  that  was  to  grow  in  seventeenth  century  bai'Ofiue  iatroi)liysics 
and  to  flower  in  the  physiological  ojitics  of  the  Romantic  nineteenth  century. 

A  Jesuit  ]iriest,  Christoph  Scheiner  (1575-16501,  directly  observed  and  then 
demonstrated  the  inverted  retinal  images  through  i)osterior  windows  cut  in  the 
sclerae  of  enucleated  eyes.  This  disconcerting  fact  had  been  avoided  or  missed 
l)y  Leonardo  de  Vinci,  who,  despite  his  many  other  correct  and  valuable  ana- 
tomical observations,  had  re-established  an  upright  image  in  his  optics  of  the 
eye  and  made  the  further  error  of  projecting  it  onto  the  optic  nerve  head, 
which  is  actually  the  only  insensitive  part  of  the  retina.  This  may  have  sprung 
from  faulty  models  of  the  eye  which  he  constructed  or  possibly  from  artistic 
reasoning  that  might  have  denied  the  logic  of  an  inverted  image  in  the  eye. 
Ea'cu  today  many  persons  erroneously  believe  that  the  "image"  is  turned  u])- 
right  in  the  brain,  but  anatomical  and  neuropathological  studies  have  es- 
tablished that  the  cerebral  representation  in  the  brain  of  the  retinal  areas 
remains  inverted  and  reversed.  This  may  tend  to  disturl)  mechanistically 
minded  ])ersons  who,  although  they  would  iirol)ably  deny  it,  seem  still  to  be 
looking  for  precise  isomorphic  representations  of  outer  objects  in  the  brain 
much  as  tlu'  pre-Socratic  Greek  philosophers  who  explained  vision  as  resulting 
from  the  entrance  into  the  eye  of  small  images  or  eidola  from  ol)jects  in  the 
outer  world.  This  misconception  probably  can  be  related  to  observation  of  the 
reflected,  minified  images  that  can  be  seen  in  the  pu])il.  Thus,  uncritical  obser- 
vation, like  a  little  l)it  of  knowledge,  can  be  dangerously  misleading. 

At  the  close  of  the  eighteenth  century,  a  figure  of  versatility,  imagination 
and  originality  appeared.  Thomas  Young  (1773-1829)  was  a  man  of  especially 
keen  observation  coui)led  with  wide  and  deep  intellect.  Within  his  realm  of 
interest  fell  such  widely  diverse  studies  as  the  translation  of  the  Ro.setta  Stone, 
as  well  as  medicine,  physics,  physiology  and  what  is  important  here,  physio- 
logical optics. 

Young,  observing  his  own  ])rominent  eyes,  took  the  ojiportunity  to  measure 
them  physically  and  to  jirove  his  theories  of  astigmatism  and  acconnnodation. 
In  this  he  became  both  his  own  oI)ject  of  observation  as  well  as  the  observer. 
Every  grade  of  such  auto-obserA'ation  can  be  found  in  medicine  and  science. 
At  times  this  is  dangerous  but  often  it  is  dramatic  and  fruitful. 

The  next  great  contributor  to  jihysiological  optics  was  Cornelis  Bonders 
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(1818-1889),  who  ohsci  vcd  that  crossed  eyes  occurred  most  frequently  in  fur- 
sightetl  patients  and  that  wad  ey(>s  accompany  myopia  chiefly.  Fi'om  this  ob- 
servation came  his  concepts  of  the  relation  of  i-elVact ion  to  strabismus  or  what 
we  call  acconnnodati\'e  scpiint. 

Perhaps  the  hi<>:h  jjoint  of  the  relatinij;  of  pliysics  to  sensory  physiolofj;y  came 
in  the  later  nineteenth  centuiy  when  Hermann  von  llelinholtz  pi'oduced  his 
Harulbuch  der  Physiotogischen  Optik  (1856)  based  on  obsei'vations  facilitated 
by  instruments  which  he  invented  especially  in  order  to  extend  his  vision  into 
the  inner  recesses  of  the  eyes.  This  was  his  Augenspiegel  (1851),  whicli  has 
come  into  our  hands  as  the  ophthalmoscope.  This  instrument  did  much  more 
than  open  new  doors  to  ophthalmological  practice.  It  heralded  an  entirely  new- 
era  of  endoscopic  examination.  With  the  advent  of  the  otoscope,  laryngoscope 
(produced  by  Manuel  Garcia,  a  voice  teacher  in  London  in  1854),  broncho- 
scope, gastroscope,  etc.,  it  became  possible  not  only  to  observe  new  areas  of 
the  living  human  body,  but  to  direct  new  and  controlled  diagnostic  and  thera- 
peutic measures  toward  these  i)reviously  forbidden  areas. 

Physical  enhancement  of  observational  metliods  in  ophthalmology  grew 
rapidly  from  that  point  on.  The  electric  ophthalmoscope  of  May  was  a  refine- 
ment of  the  Augenspiegel.  Gullstrand's  slit-lamp  biomicroscope,  which  won 
him  the  Nobel  Prize  in  1911,  permitted  another  entirely  new  view  of  the  ocular 
tissues  by  making  an  optical  section  through  the  optical  media  anrl  the  retina. 
Soon  new  tomes  describing  observations  based  on  this  technique  became  avail- 
able and  popularized  tlie  technique.  The  ophthalmoscope  became  the  ophthal- 
mologist's right  hand,  his  slit-lamp  became  his  left  hand,  in  observing  ocular 
diseases  and  their  effects. 

Physics  in  ophthalmology  has  led  us  to  deeper  and  deeper  investigations  of 
the  eye  through  electroretinography,  tonography  and  sonograms.  The  jwssi- 
bilities  of  these  extensions  seem  almost  endless.  But,  as  I  have  noted  above, 
observation  here,  while  it  is  highly  useful,  only  concerns  tlu'  i)atient  indirectly. 

Having  sketched  briefly  the  influence  of  observation  on  the  development  of 
physiological  optics  and  mechanistic  or  physical  concepts  of  vision,  I  should 
like  to  refer  to  the  manner  in  which  observation  has  entered  clinical  considera- 
tions. 

CLINICAL  CONSIDERATIONS 

In  the  eighteenth  century  attention  came  to  be  focused  on  the  true  nature  of 
cataract.  As  I  have  mentioned,  a  confusion  between  cataract  and  glaucoma 
had  existed  for  centuries.  During  the  Age  of  Enlightenment,  means  to  "en- 
lighten" the  eye  were  being  eagerly  sought,  and  it  was  largely  in  France  that 
both  general  and  ophthalmological  enlightenment  were  occurring.  Thus  we 
find  the  great  Traites  of  Maitre-.Ian,  St.  Yves  and  Daviel  on  cataract.  De- 
chales  observed  that  patients  whose  cataracts  had  been  removed  required 
strong  convex  lenses  in  order  to  see  clearly.  Previously  it  had  been  believed 
that  the  cataract  was  a  dried  humor  in  front  of  the  lens  in  a  presumed  (but 
actually  nonexistent)  space  between  the  crystalline  lens  and  the  iris.  It  w-as 
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thought  to  be  this  membrane  that  was  depressed  from  in  front  of  the  lens.  Since 
the  lens  was  thought  to  be  the  seat  of  vision,  the  idea  was  never  entertained 
that  it  was  the  lens  itself  that  was  displaced  in  couching  a  cataract.  To  accept 
this  woidd  have  amounted  to  contradicting  the  traditional  theory  of  the  site  of 
vision,  and  this  was  impossible  in  the  earlier  periods.  However,  by  1656  Wer- 
ner Roltink  indicate(l  that  cataract  is  the  lens  which  had  become  opaque.  This 
opinion  was  based  on  anatomical  studies.  These  facts  were  rediscovered  in 
1705  by  Michael  Brisseau  11696-1743),  a  surgeon  whose  views  were  supported 
by  Maitre-Jan  in  1707.  In  the  same  year  Charles  St.  Yves  (1667-1736)  re- 
moved a  broken  crystalline  lens  from  the  anterior  chamber  of  a  patient's  eye 
during  paracentesis  of  the  cornea,  a  much  older  procedure  used  to  evacuate  pus 
from  the  eye.  The  following  year  this  feat  was  repeated  by  Jean  Louis  Petit. 
These  observations  bore  definitive  fruit  in  1745  wdien  .Jacc}ues  Daviel  (1696- 
1762)  deliberately  jilanned  and  carried  out  extraction  of  cataract,  through  a 
corneal  incision,  from  the  normal  jiosition  behind  the  iris  (4).  Daviel  operated 
on  four  hundred  and  thirty-four  cataracts  by  1756  and  claimed  88  per  cent 
success.  A\'hile  there  have  been  refinements  ever  since,  extraction  remains  the 
only  important  treatment  of  cataract  to  this  day. 

The  other  condition,  glaucoma,  had  a  great  turning  point  exactly  one  hun- 
dred years  ago  when  Sir  William  Bowman  11816-1892)  observed  that  there  is 
an  "augmentation"  or  "exaltation"  of  the  intraocular  tension  above  the  range 
of  normal  early  in  glaucoma.  Glaucoma  had  gained  its  name  in  ancient  times 
from  the  greenish,  dilated  pupil  seen  in  a  fullblown  case  in  which  the  eyeball 
has  become  hard.  By  the  time  the.se  findings  are  present,  the  insidiously  de- 
structive pressure  that  characterizes  the  disease  has  already  done  irreparable 
damage  to  the  sensitive  and  susceptible  retina.  Some  way  to  institute  early 
treatment  had  to  be  found.  Bowman  found  that  by  simply  palpating  eyes 
gently  with  his  two  index  fingers  he  could  distinguish  nine  grades  of  intraocu- 
lar pressure.  Using  this  new  application  of  his  observational  jiowers,  Bowman 
operated  early  in  the  disease  and  prevented  blindness.  The  diagnostic  tech- 
nique soon  led  to  the  invention  of  the  tonometer.  Our  own  age  has  produced  an 
electronic  version  of  this  instrument  for  tonography. 

Bowman's  contemporary,  Albrecht  von  Graefe  (1828-1870),  contributed  the 
surgical  procedure  of  iridectomy  for  glaucoma,  a  procedure  still  in  use  today 
with  modifications.  He  also  noted  the  pulsations  of  vessels  on  the  optic  disk  in 
glaucoma,  and  he  observed  that  the  upper  lids  lag  when  patients  with  exoph- 
thalmic goiter  look  down  iGraefe's  sign).  He  also  made  countle-ss  other  con- 
tributions based  on  his  avid  curiosity  to  understand  ocular  disease.  Von  Graefe 
shaped  the  practice  of  ophthalmology  as  a  distinct  discipline  much  as  we 
know  it  today. 

Von  Graefe,  observing  the  fundi  with  Helmholtz's  Aiigenspiegel,  contributed 
many  descriptions  both  of  intrinsic  diseases  of  the  retina  and  choroid  and  of 
general  systemic  diseases  which  are  revealed  by  effects  in  the  eyes.  By  ^-irtue  of 
being  the  first  ophthalmologist  to  use  the  ophthalmoscope,  von  Graefe  had  the 
great  privilege  to  be  the  first  to  observe  the  changes  in  the  retina  and  optic 
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nerve  that  accompany  visual  loss  without  interference  to  the  passage  of  light 
into  the  eye  and  the  formation  of  a  shaip  image  on  the  retina.  The  solution  to 
the  age-old  problem  of  (jiithi  sercna  or  amblyopia  witiiout  opacity  (cjutta 
O'paca)  lay  in  his  hands.  In  1859  he  ()!)served  the  fundus  of  a  patient  who 
suffered  from  sudden  loss  of  vision.  He  noted  the  effects  of  embolism  of  the 
retinal  artery,  which  results  in  a  pale  edematous  fundus  with  empty  vessels  or 
segmented  blood  along  the  retinal  arterioles  and  the  red  spot  at  the  macula 
where  the  deep,  red  circulation  of  the  choroid  was  plainly  visible.  This  obser- 
vation led  to  rapid  therapeutic  efforts  that  are  sometimes  successful,  if  insti- 
tuted immediately,  in  preventing  total  loss  of  vision. 

Another  difficult  problem  had  been  the  distinguishing  of  functional  or  hys- 
terical blindness  from  organic  loss  of  vision.  Once  again  the  extended  powers  of 
observation  supi)lied  by  the  ojihthalmoscope  enabled  von  Graefe  to  diagnose 
optic  neuritis  by  observable  changes  in  the  color  and  form  of  the  optic  nerve  and 
thus  to  distinguish  it  from  hysterical  blindness  in  which  the  intraocular  tissues 
are  not  involved. 

Many  new  therapeutic  advances  were  based  on  the  new  ability  to  see  into 
the  eye.  Now  it  was  possible  to  see  detached  retinas  with  holes  and  tears.  From 
this  observation  came  efforts  to  replace  the  retina  to  its  nourishing  choroidal 
bed  and  to  close  the  rents  and  disinsertions.  Jules  Gonin  (1870-1935)  in 
Switzerland  introduced  thermocautery  in  1914;  this  was  rapidly  improved 
upon  l)y  C.  B.  Walker  and  H.  S.  A.  Cradle.  The  most  recent  improvement  was 
light  coagulation,  an  entirely  new  nonsurgical  approach  introduced  by  Gerd 
Meyer-Schwickerath  in  1958.  The  blindness  produced  by  observing  direct  sun- 
light, especially  during  eclipses  of  the  sun,  had  been  observed  since  ancient 
times.  Even  the  effects  of  retinal  burns  were  long  known  to  ophthalmic  pa- 
thologists from  Czerny  in  1867  to  Maggiore  in  1927.  Meyer-Schwickerath 
has  written,  "My  interest  was  aroused  by  personal  observation  of  a  number  of 
patients  with  macular  damage  following  the  eclipse  of  the  sun  on  July  10,  1945. 
...  a  few  days  after  I  saw  this  patient  (in  1946)  I  became  aware  of  the  clinical 
application  of  light  coagulation.  It  took  four  years  of  work  to  translate  this 
idea  into  the  first  clinically  usable  instrument.  Many  unsuccessful  experiments, 
during  the  first  few  years  cast  doubts  in  my  mind  as  to  the  feasibility  of  light 
coagulating  the  human  retina,  but  I  was  always  encouraged  to  go  on  by  the 
clinical  observations  of  retinal  damage  as  the  result  of  light  energy"  (5) 
(italics  mine). 

In  reading  this  statement  we  cannot  fail  to  be  impressed  by  the  fact  that 
both  the  initiating  factor  and  the  sustaining  reassurance  in  the  face  of  doubt 
was  observation. 

Meyer-Schwickerath's  work  moved  from  use  of  a  crude  device  designed  to 
direct  sunlight  into  the  eye  to  use  of  a  carbon  arc  (Beck,  1951)  and  finally  to  a 
Xenon  high  pressure  lamp.  Its  application  has  broadened  to  include  von  Hip- 
pel's  retinal  angiomas,  Coats'  exudative  retinitis,  Eales'  disease,  retinoblastoma 
and  small  malignant  melanomas. 

Undoubtedly  this  departure  to  an  entirely  unique  therapeutic  modality. 
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which  I  heard  introduced  (and  ridiculed  by  a  famous  continental  oi)hthalmolo- 
gist)  at  the  International  Congress  of  Dphtlialniology  in  New  York  in  1958, 
will  be  one  of  the  summits  of  twentieth  century  clinical  o])hthalmology. 

One  of  the  most  interesting  advances  in  understanding  of  the  basic  nature  of 
^■ision  was  made  by  Adelbert  Ames,  a  lawyer  working  at  Dartmouth  Labora- 
tories, who  made  auto-observations  of  the  way  one  sees  with  one  and  two  eyes. 
These  studies  led  to  experiments  in  the  jisychology  of  vision  and  discovery  of 
the  concept  of  aniseikonia.  This  condition,  in  which  differences  in  the  size  of 
the  two  retinal  images  protluce  disturbed  space  perception,  can  also  be  re- 
si)onsible  for  asthenopic  symjitoms.  Aniseikonia  is  important  since  it  bears  on 
what  one  observes  and  illustrates  the  important  relationshiji  of  our  observa- 
tions to  proper  vision. 

In  the  field  of  recent  (1958)  ocular  surgery,  observation  by  Joaquin  Bar- 
racjuer  of  the  selective  effects  of  an  enzyme,  alpha-chymotrypsin,  an  endopep- 
tidase,  on  the  zonular  fibers  of  the  lens,  has  led  to  improvement  of  the  facility 
of  cataract  extraction. 

CONCLUSION 

The  examples  that  I  have  selected  illustrate  the  importance  of  the  historical 
relation  between  observation  and  the  development  of  the  oj^hthalmological 
mind.  Doubtless  other  significant  examples  could  have  been  chosen,  but  there 
can  be  no  ciuestion  that  observation  always  has  made  important  contributions 
to  ophthalmology  and  always  will. 

Finally,  I  wish  to  note  that  for  me  the  ophthalmologist  remains  a  physician 
first,  a  surgeon  second,  and  a  specialist  last.  As  a  physician,  he  meets  his  pa- 
tient as  a  complete  and  integrated  totality  and  this  figure  or  person  of  the 
patient  remains  foremost  in  the  ophthalmologist's  consideration  of  him.  Thus, 
as  the  patient  first  approaches,  the  ophthalmologist  has  the  opportunity  to 
observe  his  manner,  gait,  speech,  and  movements,  all  of  which  contribute  to  an 
understanding  of  his  visual  function  in  life.  To  neglect  these  clues  of  the  prac- 
tical efficiency  of  his  vision  or  to  fail  to  learn  the  patient's  age,  personality, 
environmental  settings  and  occupational  requirements  while  leaning  heavily 
on  the  patient's  test  performance  in  the  office  would  be  to  leave  oneself  open  to 
miscalculation  of  his  needs  and  potentialities.  Sloane  has  thoughtfully  pointed 
out  (6)  that  the  mere  figures  in  a  vision  test  do  not  necessarily  establish  a 
basis  for  opei'ability.  Such  isolated  observations  must  be  cast  in  the  framework 
of  individualizing  the  patient's  ability  to  respond  to  and  profit  from  surgery 
and  the  new  sort  of  vision  that  ensues  even  when  the  results  postoperatively  so 
far  as  a  single  test,  namely  the  visual  acuity  test,  appear  very  favorable  when 
compared  to  preoperative  test  values.  It  would  be  just  as  shortsighted  to  throw 
all  patients  of  a  given  chronological  age  into  one  category.  Everyone  sees  that 
individualization  of  age  is  necessary.  What  is  harder  to  perceive  is  that  all 
such  generalizations  ultimately  demand  individualization,  and  that  this  is 
based  on  careful  observation  not  of  a  test  or  an  ocular  tissue,  but  of  a  person 
with  a  history  and  a  future. 
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IIcic  is  the  |)l;ic('  wlicic  ;i  spcciulist  rcin:iiny  ;i  physician  oven  within  tlie 
(■(iiifiiics  of  spccini  pi-acticc.  In  adcHtion,  tlic  specialist  so  oriented  to  view  the 
whoh',  cannot  help  i)Ut  note  health  pi'ohlenis  germane  to  other  specialties  and 
to  icfei'  the  ])atient  for  attention  to  these.  ()i)litliahnol()t2;y  is  es])ecially  snitahle 
to  the  discovery  of  systemic  diseases.  Observant  ophthalmologists  thus  serve 
the  general  physician  of  the  jiatient  in  confirming  oi-  discovering  many  ail- 
ments that  affect  the  eyes.  The  fundus,  for  example,  is  the  only  place  in  which 
we  can  conveniently  see  living  nervous  and  vascular  tissues,  a  fact  that 
brought  the  ophthalmoscope  almost  immediately  upon  its  discovery  into  the 
hands  of  neurologists  (Hughlings  Jack.son)  and  internists  (Sir  Clifford  All)uttl. 
Indeed  it  was  they  who  jjoinilarized  its  use  generally  in  medicine  to  the  ])oint 
that  today  no  medical  examination  is  complete  without  observation  of  the 
fundi. 

Thus  observation  ])ermeates  every  phase  of  oi)hthalmology,  and  its  refine- 
ment in  the  service  of  this  specialty  has  served  to  illustrate  and  enhance  its 
usefulness  to  medicine  as  a  whole. 
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Observation  in  Dermatology 
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Simi)le  observation  is  of  prinu'  importance  in  dermatology.  In  most  in- 
stances the  careful  and  methodical  observation  of  patients  with  cutaneous 
disease  will  give  sufficient  information  for  diagnosis.  The  physician  should  be 
trained  to  observe  the  noi'mal  and  pathologic  skin  methodically.  In  gathering 
the  necessary  information  he  will  usually  be  able  to  arrive,  step  by  step,  at 
the  correct  diagnosis.  Many  systemic  conditions  may  cause  alterations  of  the 
skin,  nails,  hair  and  mucous  membranes;  these  changes  are  helpful  in 
diagnosis.  They  may  pass  undetected  if  careful,  methodical  observation  is 
not  employed. 

Observation  of  the  jiatient  affected  by  a  disease  of  the  skin  may  be  divided 
into  two  parts: 

Ij  Observation  of  the  patient  as  a  whole — his  skin,  nails,  hair,  mucous  mem- 
branes, and  clothing. 
2)  Observation  of  the  dermatosis,  if  such  is  present. 

OBSERVATIOX  OF  THE  PATIENT  AS  A  WHOLE 

Examination  of  the  skin  and  its  adnexa  requires  good  diffused  daylight  and 
a  room  with  a  temperature  pleasant  enough  for  the  disrobed  patient.  If  arti- 
ficial light  is  available  a  soft  blue  light  or  a  "daylight"  type  of  electric  bulb 
is  essential. 

The  objective  signs  of  cutaneous  diseases  are  chiefly  those  which  are  appre- 
ciable by  sight.  Palpation  of  the  lesions,  observation  with  the  tips  of  the 
fingers,  gives  information  as  to  the  degree  of  infiltration  and  tenderness.  The 
sense  of  smell  assists  in  the  diagnosis  of  some  conditions,  such  as  favus,  pem- 
phigus foliaceus,  and  Pseudomonas  aeruginosa  infections. 

Observation  of  the  jiatient  conducted  in  order  to  understand  him  as  an 
individual  requires  a  step-by-step  procedure  which  an  experienced  observer 
can  perform  quickly;  the  less  experienced  observer  should  follow  a  certain 
order  to  avoid  overlooking  information  which  may  be  valuable  in  the  general 
inventory  of  the  patient. 

In  the  general  inventory  attention  should  be  paid  to:  age,  sex,  race  and 
national  origin,  occupation,  personal  hygiene,  color  and  texture  of  the  skin  and 
condition  of  the  nails,  hair  and  mucous  membranes. 

The  age  of  the  patient  may  serve  as  a  clue  to  diagnosis.  As  Stelwagon  has 
stated,  infancy,  youth,  maturity  and  old  age  all  have  their  cutaneous  vul- 
nerabilities. Psoriasis,  fungus  infections  of  the  feet,  lupus  erythematosus,  pem- 
phigus vulgaris  and  Iymphol)lastoma  are  rare  in  children,  while  impetigo, 
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papular  urticaria  or  prurigo  mitis  and  warts  are  common.  Acne  is  predomi- 
nant in  adolescence,  while  rosacea  and  seborrheic  dermatitis  are  seen  in  the 
adult.  \'enereal  diseases  are  more  common  in  young  adidts,  although  I'ecently 
an  increase  has  been  noted  in  teen-agers.  Ringworm  of  the  scalj)  is  common 
in  children  and  exceetlingly  rare  in  adults,  in  whom  it  is  caused  by  Trichophy- 
ton which  does  not  fluoresce  under  the  Wood's  light.  In  tlie  eldei'ly,  keratoses, 
seboi'rheic  and  senile,  cutaneous  carcinoma,  ])emiihigus  and  pemjihigoid  erup- 
tions, lymphoblastoma,  dermatitis  hiemalis  and  varicose  eczema  are  connnon. 

The  sex  of  the  jiatient  may  also  be  helpful  in  diagnosis,  as  some  diseases  are 
more  common  in  one  sex  than  in  the  other.  Collagen  diseases,  especially  lupus 
erythematosus,  are  more  frequent  in  women.  Kaposi's  sarcoma  is  rare  in 
women.  Lichen  sclerosus  et  atrophicus  is  more  often  seen  in  women.  Paget's 
disease  of  the  nipple  is  seen  exclusively  in  women;  the  extramammary  type 
affects  men  also.  Carcinoma  of  the  lower  lip  is  seen  almost  exclusively  in 
men,  especially  in  pipe  smokers. 

Certain  cutaneous  disorders  are  seen  in  specinl  physiological  states.  Prurigo, 
herpes  gestationis,  filiform  growths  and  pigmentation  may  develop  during 
pregnancy;  \'ulvar  pruritus  and  plantar  and  palmar  keratoderma  maj^  appear 
during  menopause. 

Race  atid  national  origin  may  offer  diagnostic  hints.  It  is  well  known  that 
in  the  Negro  the  incidence  of  psoriasis,  pediculosis  and  cutaneous  cancer  is 
low,  whereas  the  incidence  of  keloid  and  of  sarcoidosis  is  relatively  high. 
Pemphigus  appears  to  be  more  common  in  Mediterranean  peoples.  Intestinal 
parasites  are  common  in  patients  from  the  Caribbean  and  should  be  suspected 
in  cases  of  anal  pruritus.  Patients  originating  from  areas  where  leprosy  is 
endemic  should  be  suspected  of  having  this  disease  if  erythema  nodosum, 
peculiar  eruptions,  or  neurologic  symptoms  are  present.  The  Nordic  people 
because  of  their  whiter  skin  are  especially  susceptible  to  damage  by  actinic 
radiation  and  to  cutaneous  cancer.  A  leg  ulcer  in  a  young  Negro  should  im- 
mediately suggest  sickle-cell  anemia. 

Filth  contributes  to  cutaneous  disease  among  the  poor  and  neglected; 
pyogenic  conditions  spread  rapidly  and  oozing  dermatoses  become  secondarily 
infected.  Conversely,  extreme  cleanliness  and  the  injudicious  use  of  soap  and 
water  is  sometimes  responsible  for  the  production  or  aggravation  of  certain 
dermatoses,  such  as  chafing,  miliaria,  dermatitis  hiemalis,  and  nunnnular 
eczema.  This  is  especially  true  in  the  aged  whose  skin  is  somewhat  atrophic 
and  lacks  the  natural  oils  that  lubricate  the  skin.  Insufficient  use  of  soap,  not 
necessarily  to  the  point  of  uncleanliness  (as  is  often  seen  in  boys)  aggravates 
acne  and  keratosis  pilaris. 

Overdressing  and  the  use  of  flannels  and  wool  directly  on  the  skin  may  be 
a  factor  in  the  development  of  some  dermatitides.  The  use  of  certain  materials, 
such  as  the  nylon  and  rubber  in  girdles,  interferes  with  the  normal  function 
of  the  skin  and  may  predispose  to  miliaria.  Heavy  shoes  and  thick  woolen 
socks  aggravate  dermatophytosis  of  the  feet. 

In  his  occupation  the  patient  may  come  in  contact  with  substances  that 
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cause  cutaneous  changes.  A  knowledge  of  the  hitter  may  enable  the  physician, 
by  sinijile  inspection,  to  recognize  the  patient's  occupation.  The  substances 
liandlcd  and  the  instruments  or  tools  used  may  affect  the  skin  through  pres- 
.-^urc.  tVictioii,  and  mechanical  or  allergic  action.  The  most  common  of  these 
stigmata  ari'  the  callosities  which  develop  on  the  hands  of  mechanics,  carpenters, 
shoemakers,  musicians,  and  others.  The  exact  location  is  characteristic  of 
each  trade  and  depends  on  the  type  of  tool  or  instrument  used  and  the  locus 
of  contact.  Other  cutaneous  disorders  such  as  contact  dermatitis,  paronychia, 
and  moniliasis,  are  common  in  jiersons  such  as  dish-washers  and  soda- 
fountain  employees,  who  engage  in  "wet  work"  which  requires  constant 
immei'sion  of  the  hands  in  water.  Another  type  of  stigma  is  found  on  the  lower 
extremities,  e.g.,  hyperkeratosis  of  the  knees  of  cleaning  women.  Fibrotic 
nodules  of  the  skin  on  the  shins  of  painters  are  traumatic  and  are  caused  by 
pressing  against  ladders  with  the  legs.  In  miners  the  skin,  especially  over  the 
ui)i)er  part  of  the  body,  may  show  a  l)lue-black  tattoo  caused  by  impregnation 
with  coal  dust. 

Observation  of  the  color  of  the  skin  may  be  of  definite  diagnostic  assistance 
not  only  in  skin  disease,  but  also  in  many  systemic  disorders. 

In  any  individual  the  color  of  the  skin  depends  on  a  variety  of  factors,  of 
which  racial  origin,  general  health,  and  degree  of  exposure  to  sunlight  are 
among  the  most  important.  The  normal  color  is  affected  to  an  important  degree 
by  its  vascularity,  by  the  thickness  of  the  epidermis  and  by  the  presence  of  the 
normal  pigments.  Careful  study  of  the  variations  of  color  among  many  indi- 
viduals of  different  ages  and  races  will  enable  the  observer  to  gather  enough 
experience  to  detect  minimal  changes  that  may  be  of  diagnostic  significance. 

The  abnormal  variations  in  the  color  of  the  skin  may  be  briefly  divided 
into  those  tliat  i«-esent  a  yellowish  tint,  the  hyperpigmentation  of  a  brownish 
color,  and  the  hypopigmentation  of  a  whitish  color.  Vascular  changes  may 
produce  a  reddish  to  violaceous  hue.  The  pallor  of  anemia  is  especially 
evident  in  the  palmar  creases  when  the  palm  is  stretched  and  compared  with 
a  normal  palm.  In  pernicious  anemia  the  skin  is  icteric  and  waxy.  In  iron- 
deficiency  anemias  it  may  be  yellowish-green  with  a  brownish  hue. 

Among  the  yellowish  pigmentations  of  the  skin  jaundice  is  the  most  com- 
mon. The  color  varies  from  faint  yellow  to  orange,  saffron,  yellowish-green, 
green,  antl  even  bronze  or  dark  brown.  These  different  hues  are  believed  by 
some  to  be  of  diagnostic  significance. 

An  increase  in  the  normal  carotene  pigment  leads  to  a  canary  or  lemon  hue 
of  the  skin,  especially  in  the  palms,  soles  and  face.  The  absence  of  yellow 
discoloration  in  the  sclera  immediately  differentiates  this  condition  from 
jatmdice.  It  has  been  suggested  that  the  yellowish  hue  of  patients  who  have 
long-standing  renal  failure  and  myxedema  are  due  to  the  presence  of  carotene. 
The  ability  of  atabrine  to  cause  a  yellowish  discoloration  of  the  skin  became 
well  known  during  the  Second  World  War.  It  can  be  distinguished  from  car- 
otinemia  l)y  the  deeper  pigmentation  of  the  dorsum  of  the  hands  in  the  former, 
and  on  the  jialms  and  soles  on  the  latter.  Some  chemicals  such  as  picric  acid, 
niti'ic  acid  and  "tetryl"  may  cause  yellow  stains  on  exposed  surfaces. 
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Some  local  discolorations  may  be  of  high  diagno.stic  significance.  Cullcn's 
.sign  is  a  discoloration  resembling  a  bruise  at  the  umbilical  I'egion;  it  indicates 
intraperitoneal  hemorrhage.  Grey-Tui'ner's  sign,  a  localized  pigmentation  on 
the  umbilicus  or  the  loins,  is  of  value  in  the  diagnosis  of  acute  hemorrhagic 
paiu'i-eatitis. 

Ah'lanin  pi'oduces  a  localized  or  generalized  brownish  discoloration.  This 
may  l)e  caused  by  radiation  (sunlight,  ultraviolet  rays,  roentgen  rays),  me- 
chanical fiiction,  or  previous  inflanunation.  Pigmentation  may  be  observed  in 
\-itamin  A  and  ('  deficiences  and  in  pellagra.  Pigmentation  is  often  encountered 
in  (Midocrine  disorders  such  as  acromegaly,  Cushing's  syndrome  and  hyper- 
thyroidism. The  pigmentation  of  Addison's  disease  is  of  great  diagnostic 
importance.  It  is  most  noticeable  in  the  regions  normally  pigmented  or  exposed 
to  light  and  pressure.  In  addition  the  mucous  membranes  of  the  mouth, 
conjunctiva  and  vagina  are  almost  always  affected.  The  color  varies  from 
grayish  to  brown  with  occasional  minute  black  ])oints. 

The  pigmentation  of  sprue  is  yellowish  brown  and  appears  on  the  face; 
sometimes  it  assumes  a  "butterfly"  distribution  on  the  nose  and  cheeks.  Pig- 
mentation is  also  seen  in  lymphoma.  It  may  be  generalized  and  either  asso- 
ciated with  erythroderma  or  independent  of  it.  Acanthosis  nigricans,  mani- 
fested by  a  pigmented  papillomatosis  of  the  axillae  and  vulva,  is  of  interest 
because  of  its  high  incidence  of  association  with  internal  cancer. 

The  physician  should  acquaint  himself  with  the  normal  variations  of  cuta- 
neous texture.  The  most  imj^ortant  are  too  dry  (ichthyotic)  and  too  oily 
(seborrheic).  Each  of  these  predisposes  to  a  variety  of  disorders  of  the  skin. 

The  texture  of  the  skin  is  also  affected  by  excessive  perspiration.  Nervous 
individuals  who  perspire  j^rofusely  on  the  hands  and  feet  are  prone  to  develop 
maceration  of  the  horny  layer  and  also  of  the  skin  between  the  toes;  this 
]iredisposes  them  to  fungus  infections.  This  is  especially  noticeable  in  obese 
women,  who  often  develop  intertrigo  and  moniliasis  in  the  groins  and  under 
the  breast  because  of  excessive  perspiration  and  friction. 

Sifstemic  conditions  affect  the  texture  of  the  skin.  In  iron-deficiency  anemia 
the  skin  may  be  dry,  inelastic  and  wrinkled.  It  is  dry  and  delicate  in  pernicious 
anemia.  It  is  sclerodermatous  in  some  vascular  disorders,  especially  of  the 
extremities.  Endocrine  disorders  also  may  affect  the  texture  of  the  skin  which 
Ijecomes  thickened  in  myxedema  and  thin  and  stretched  in  Cushing's  syn- 
drome. 

Follicular  hyperkeratosis  gives  the  skin  a  rough  sandpaper  feeling;  this  is 
seen  in  keratosis  pilaris  and  avitaminosis  A. 

Nails.  Close  observation  of  the  nails  may  yield  valuable  infornuition  about 
the  patient's  health,  habits  and  disease.  Their  shape,  texture,  color  are  sig- 
nificant; thickening,  discoloration  and  irregularities  should  be  noted.  The  care 
of  the  nails  also  gives  a  hint  as  to  the  personality  of  the  individual. 

It  takes  from  four  to  six  months  for  a  nail  to  grow  from  base  to  free  edge. 
Alterations  caused  by  sudden  change  in  the  nutritional  condition  of  the  nail 
tend  to  manifest  themselves  as  transverse  ridges  of  the  nail  plate  (Beau's 
lines  I.  Therefore  by  examining  a  patient  who  presents  these  alterations  in  all 


340 


ORLA.NDO  CANIZARES 


tlie  fingernails,  it  may  be  possible  to  determine,  by  the  location  of  the  change 
in  the  nail  plate,  when  the  systemic  affection  ocurred.  Beau's  lines  develoj) 
after  infectious  disease,  such  as  influenza,  mumps,  diphtheria,  erysipelas,  and 
high  fevers  of  various  kinds.  Endocrine  disturbances  and  vitamin  deficiencies 
may  also  affect  the  growth  and  texture  of  the  nails. 

Some  occupations  which  require  constant  immersion  of  the  hands  in  soapy 
water  or  the  handling  of  certain  substances  affect  the  nails  and  the  tissue 
around  them.  Paronychia  is  common  in  bartenders,  bakers,  cooks  and  dish- 
washers. Discolorations  are  found  in  photographers  and  cigarmakers.  Those 
who  handle  chrome  salts  develop  oahvc  [Mgmentation ;  silver  workers  may  show 
a  slate  blue  discoloration.  Picric  acid  makes  yellow  stains. 

Some  skin  diseases  produce  other  characteristic  changes  in  nails.  Fungus 
infections  cause  a  yellowish  thickening  which  starts  at  the  distal  end.  Psoriasis 
causes  multiple  punctiform  depressions  and  yellowish  thickening.  Spoon-nail 
may  be  seen  in  some  anemias,  especially  in  the  iron-deficiency  type. 

Hair.  Observation  of  the  state  of  cleanliness  and  neatness  of  the  hair  gives 
considerable  insight  into  the  personality  of  the  individual. 

The  rate  of  growth  of  each  individual  hair  varies  with  age.  When  the  hair 
reaches  the  level  of  the  skin  it  grows  from  two  to  five  mm  every  ten  days,  or 
about  three-fourths  of  an  inch  per  month.  This  can  be  noticed  readily  in  per- 
sons who  have  stopped  dyeing  their  hair  and  show  the  white  color  at  the  proxi- 
mal end  of  the  hairs.  The  rate  of  growth  is  affected  by  general  health,  the  con- 
dition of  endocrine  system  and  by  nutrition. 

The  use  of  hair  dyes,  hair-straighteners,  hair  tonics  and  brilliantine  may 
cause  a  variety  of  cutaneous  disorders,  chiefly  in  the  scalp,  forehead  and  face. 
The  hair  may  assume  a  dull  and  lifeless  appearance  in  diseases  of  the  scalp 
and  also  in  systemic  disorders  such  as  endocrinopathies,  e.g.,  myxedema.  Dif- 
fuse loss  of  hair  without  disease  of  the  scalp  may  follow  febrile  diseases,  major 
operations,  childbirth,  miscarriage,  and  excessive  administration  of  vitamin  A. 

When  the  hair  is  observed  the  scalj)  shovdd  also  be  inspected.  Items  to  be 
noticed  include  texture,  presence  of  dryness  or  oiliness,  the  presence  of  scaly 
patches,  diffuse  or  localized,  the  existence  of  bald  spots  where  the  skin  is  atrophic 
or  of  normal  appearance;  each  of  these  characteristics  has  its  own  diagnostic 
value.  Observation  of  the  way  the  hair  is  combed  may  be  also  helpful.  Straight- 
back  hairdo  may  cause  alopecia  of  the  hairline  on  the  forehead  and  on  the  tem- 
ples, a  result  of  constant  traction.  Exaggerated  brushing  of  the  hair  and  the  use 
of  some  types  of  large  roller  have  been  reported  to  cause  local  alopecia. 

Mucous  membranes.  Examination  of  a  patient  is  not  completed  until  the 
mucous  membranes  have  been  inspected.  The  observer  should  familiarize  him- 
self with  the  normal  variations  of  color  and  texture  of  the  mucous  membranes 
caused  by  age  and  race.  In  older  persons  the  mucous  membranes  of  the  mouth 
and  genitals  assume  a  pale  color.  In  dark-skinned  persons  there  are  irregular 
patches  of  pigmentation  on  the  mucous  membranes  of  the  cheeks.  The  local 
changes  caused  by  friction  of  dentures,  damage  of  ragged  teeth,  or  biting  of  the 
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cheeks  should  he  reoofinizod.  Harmless  conditions  such  as  Foi'dycc's  disease, 
manifested  by  tiny  j)in-i)oint  to  pinhead  sized  yellowish  elevations,  should  be 
recorded  but  not  stressed. 

Some  diseases  of  the  skin  are  often  accompanied  by  lesions  of  the  mucous 
membranes  of  the  mouth;  their  j)rcsence  is  helpful  in  the  diagnosis.  In  |)em- 
jihiiius,  bidlae  may  be  found,  although  usually  these  break  easily  and  only  an 
erosion  is  ol)served.  In  lichen  planvis  there  are  tyi)ical  white  net-lacc  .streaks 
not  only  on  the  cheeks  and  tongue  but  also  on  the  glans  i)enis. 

The  tongue  may  be  affected  by  many  local  and  systemic  conditions.  Well 
known  are  the  "strawberry"  changes  of  scarlet  fever,  the  bright  red,  smooth 
atrophic  tongue  of  pernicious  anemia,  and  the  glazed  tongue  of  iron-deficiency 
anemia.  The  presence  of  fissures,  leukoplakic  areas,  and  ulcerations  should  be 
carefully  noted. 

When  the  oral  mucosae  are  examined,  the  appearance  of  the  teeth  should  be 
noticed,  as  this  lieljis  in  the  general  inventory  of  the  patient.  The  condition  of 
the  teeth  anfl  gums,  the  presence  of  ])yorrhea,  or  infected  tonsils  may  indicate 
the  possible  existence  of  foci  of  infection. 

Examination  of  the  mucous  membranes  of  the  genitals  and  anus  should  be 
lierformed  as  many  conditions  have  typical  manifestations  in  these  areas.  The 
penis  is  often  affected  by  lichen  planus,  psoriasis,  herpes  simplex  and  the 
venereal  diseases.  The  vulva  is  often  affected  by  lichen  sclerosus  et  atrophicus. 

OBSERVATION  OF  THE  DERMATOSIS 

The  analysis  of  the  character  of  a  dermatosis  is  made  in  two  successive  steps: 

1)  The  determination  of  the  j^rimary  or  secondary  lesions  which  form  the 
dermatosis ; 

2)  The  study  of  the  clinical  peculiarities  of  the  lesions,  their  location,  num- 
l)er  and  distribution. 

The  human  skin  can  react  to  insult,  wliether  external  or  internal,  in  a  very 
limited  number  of  ways.  These  are  called  primary  lesions.  The  characteristic 
of  the  primary  lesions  is  that  they  appear  without  having  been  preceded  by 
any  other  visible  lesion.  They  are:  macules,  papules,  vesicles,  bullae,  pustules, 
nodules  and  tumors.  Secondary  lesions  are  those  that  follow-  another  cutaneous 
alteration.  These  are:  scale,  crust,  excoriation,  fissure,  ulcer,  scar  and  atrophy. 
These  lesions  are  the  alphabet  of  dermatology,  and  it  is  essential  for  the 
physician  to  know  the  exact  meaning  of  the  technical  terms  and  the  definition 
of  each  kind  of  primary  and  secondary  lesion. 

Primary  Lesions 

Macule:  Circumscribed  alteration  in  color  of  the  skin,  not  appreciably 
raised  above  or  depressed  below  the  surface. 

Papule:  Circumscribed  solid  elevation  of  the  skin;  from  the  size  of  a  pin- 
head  to  that  of  a  split  pea. 

Nodule:  Circumscribed  solid  elevation  of  the  skin;  from  split  pea  to  cherry. 


342 


ORLANDO  CANIZARES 


Tumor:  Circumscribed  swelling  larger  than  a  cherry. 

Vesicle:  Circumscribed  elevation  of  the  epidermis;  from  jiinhead  to  split 
pea ;  contains  clear  or  non-purulent  opaque  fluid. 

Bulla:  Circumscribed  elevation  of  the  epidermis;  from  sjilit  jiea  to  finger- 
nail in  size;  contains  serum,  or  blood. 

Pustule:  Circumscribed  elevation  of  the  epidermis;  from  ]iinhead  to  finger- 
nail ;  contains  pus. 

Wheal:  Circumscribed  t'dematous  elevation  of  the  skin;  evanescent. 

Seco)i(lanj  Lesions 

Scale:  Dry,  laminated  exfoliation  of  the  epidermis. 

Crust:  Dried  exudation  or  secretion  upon  the  skin. 

Excoriation:  Superficial  solution  of  continuity  in  skin  due  to  trauma. 

Fissure:  Linear  solution  of  continuity;  usually  the  seat  of  infiltration. 

Erosion:  Solution  of  continuity  of  .skin  involving  loss  of  substance  of  epi- 
dermis down  to  ujii^er  cutis. 

Ulcer:  Solution  of  continuity  of  skin  involving  loss  of  substance  extending 
into  the  cutis  or  deeper  structures. 

Scar:  New  formation  of  connective  tissue,  replacing  loss  of  substance  which 
involves  cutis  or  deeper  structvu'es. 

Atrophf/:  Decrease  in  number  or  volume  of  the  elements  that  constitute  the 
skin. 

Macules:  Macules  are  caused  by:  a)  dilatation  of  the  vessels  of  the  corium; 
b)  extravasation  of  red  cells  or  their  pigment;  c)  increase,  decrease  or  absence 
of  the  normal  pigment  of  the  skin;  d)  deposit  of  foreign  colorants  or  abnormal 
pigments  in  the  dermis.  A  macule  may  be  of  any  size  and  any  color.  Large 
macules  pass  into  patches  either  by  enlargement  or  confluence.  They  may  be 
scaly  as  in  pityriasis  versicolor,  but  heavy  scales  usually  indicate  papules. 

Macules  may  be  round.  When  they  are  discrete  their  margins  are  sharply 
defined;  when  confluent  the  margins  are  often  ill-defined,  irregular  or  angular. 

Macules  may  be  localized  or  generalized,  discrete  or  confluent,  scanty  or 
abundant.  Tlieir  course  may  be  evanescent,  persistent  or  permanent.  They  may 
or  may  not  l)e  accompanied  or  jireceded  by  subjective  symptoms  such  as  burn- 
ing or  itching. 

The  different  types  of  macules  include:  a)  roseola;  b)  erythema  of  confluent 
roseola;  cj  halo  or  areola;  d)  petechia,  a  circumscribed  hemorrhage  into  the 
skin;  e)  ecchymosis,  a  larger  hemorrhage,  usually  traumatic.  Petechiae  and 
ecchymoses  do  not  disapjiear  under  pressure. 

Papules:  Papules  may  be  caused  by  acute  or  chronic  inflammation,  by  hy- 
])ertrophy  or  by  new  growth.  Their  bases  may  be  circular,  j^jolygonal  or  angu- 
lar. The  summits  may  be  acuminate  or  pointed,  round,  flat,  or  umbilicated. 
The  body  may  be  sessile  if  the  l)ase  is  wide  and  flat,  and  jiedunculated  if  the 
base  is  contracted. 

The  color  of  jiapules  varies  and  may  be  of  diagnostic  value.  It  is  whitish  in 
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iniliuni,  yellowij^h  in  xanthoma,  copper-red  in  syphilis,  viohaoeous  in  lichen 
planus  and  translucent  in  cutaneous  amyloidosis.  The  consistence  may  he 
l)0}i;gy,,. doughy,  soft,  or  stony. 

In  their  distribution  papules  may  he  localized  or  generalized,  profuse  or 
scanty.  They  may  remain  isolated  or  form  pla(}ues  or  lichenification.  They 
may  develop  into  single  straight  lines  (Koebner's  phenomenon)  usually  due  to 
the  appearance  of  lesions  on  a  scratch  line,  as  in  psoriasis,  lichen  planus  and 
flat  warts.  They  may  coalesce  and  form  rings,  as  the  annular  lesions  of  granu- 
loma annulare,  lichen  planus  and  secondary  syphilis.  Papules  may  be  grou])e(l 
like  a  bouquet  of  flowers,  as  in  corymbose  secondary  syphilis. 

Among  the  clinical  varieties  of  papules,  we  find:  a)  acuminate  or  ])ointe(l 
papules,]  ;such  as  those  of  pityriasis  rubra  pilaris;  b)  rounded,  as  those  of 
eiythema  multiforme  or  secondary  syphilis;  c)  flat-topped,  as  those  of  lichen 
])lamis;  d)  umbilicated,  as  seen  in  molluscum  contagiosum. 

Papules  are  of  great  diagnostic  significance,  hence  their  correct  identification 
is  important. 

Xodules:  Xodules  differ  from  jiainiles  in  that  they  are  larger  and  deeper. 
They  are  usually  located  in  the  deeper  portions  of  the  corium  and  the  sul)- 
cutaneous  tissue.  At  times  they  are  slightly  elevated  above  the  level  of  the  skin. 
They  may  undergo  necrosis,  ulceration,  and  cicatrization.  The  ulcerative  type 
of  nodule  is  often  called  gumma.  Nodules  are  occasionally  painful  to  the  touch, 
as  in  erythema  nodosum,  but  in  most  instances  they  are  painless.  They  are 
usually  manifestations  of  systemic  diseases,  such  as  syphilis,  leprosy,  lym- 
phoma, deep  fungus  infections,  tuberculosis,  and  sarcoid. 

Tumors:  Tumors  are  new  growths  of  larger  size  than  a  nodule,  composed  by 
any  of  the  structures  of  the  skin  or  subcutaneous  tissue.  In  dermatology  the 
term  "tumor"  does  not  imjily  malignancy.  Tumors  may  be  located  within  or 
beneath  the  skin,  or  may  be  attached  to  it.  Some  may  ulcerate.  They  are  com- 
mon in  carcinomas,  lymphomas  and  fibromas. 

Wheals:  Wheals  are  circumscribed  edematous  lesions  which  apj^ear  and  dis- 
appear rapidly.  They  are  characteristic  of  urticaria.  Although  usually  small, 
they  may  form  large  plaques  by  confluence. 

Vesicles:  Vesicles  are  always  located  at  the  epidermis.  Their  color  depends 
ui)on  the  character  of  the  contents,  upon  thickening  of  the  covering  wall  and 
upon  the  degree  of  concomitant  inflammation.  They  may  be  dull  or  glistening, 
translucent,  yellowish  when  filled  witli  serum,  reddish  or  reddish-brown  to 
black  when  filled  with  fresh  or  old  blood.  The  content  is  usually  spontaneously 
coagulable  fluid  of  the  type  of  blood  plasma,  plus  a  varying  number  of  leu- 
kocytes and  a  few  epidermal  cells.  When  the  content  oozes  out  it  coagulates  to 
form  crusts.  Except  for  the  vesicles  of  possible  nevic  origin  such  as  lym]ihangi- 
omas,  vesicles  are  always  associated  with  inflammation  and  the  liquid  they 
contain  is  always  an  exudate.  Vesicles  may  differ  in  the  amount  of  fluid  they 
contain  and  thus  may  be  tense  or  flaccid.  They  may  be  simple  or  grouped,  and 
may  appear  on  an  apparently  normal  skin  or  an  erythematous  base.  They  are 
u.sually  accompanied  by  symptoms  such  as  pain,  itching,  burning. 


344 


OH  LA  N  DO  t'  A.X  I Z  AHES 


The  most  important  clinical  varieties  of  vesicles  are:  a)  impetigo  type,  witli 
tendency  to  break  easily  and  form  crusts;  b)  the  herpes  simplex  type,  usually 
grouped,  and  arising  from  an  erythematous  base;  c)  herpes  zoster  type,  similai- 
but  usually  larger,  with  less  tendency  to  break;  d)  eczema  dermatitis  type, 
thin  walled,  easily  broken,  pruritic;  e)  dyshidrosis-"ids"  type,  deep-seated, 
non-inflammatory,  usually  situated  on  the  sides  of  the  fingers  and  toes;  f)  the 
varicella  type,  fragile  and  umbilicated. 

The  detection  of  vesicles  is  often  of  great  diagnostic  importance.  They  should 
be  sought,  if  necessary  with  a  magnifying  glass,  at  the  periphery  of  the  lesions. 
Some  diseases  are  never  vesicular,  such  as  syphilis  and  the  cutaneous  granu- 
lomas. 

Pustules:  Pustules  are  inflammatory  collections  of  pus;  they  may  arise 
from  papules,  vesicles  or  may  appear  directly  as  pustules.  They  may  be  fol- 
licular. They  vary  in  size,  shape  and  degree  of  infiltration.  Superficial  pustules 
are  secondarily  infected  vesicles  and  are  the  direct  result  of  infection,  such  as 
the  pustules  of  impetigo  of  Bockhardt;  these  heal  without  scarring.  Deeper 
pustules  such  as  those  of  pustular  acne,  syphilis  and  variola,  are  dermic,  have 
more  infiltration,  and  leave  scars  when  they  heal. 

Pustules  may  develop  in  diseases  of  different  etiology:  a)  pyodermas,  pri- 
mary or  secondary  to  a  vesicular  dermatitis;  b)  acute  infectious  diseases, 
varicella,  vaccinia,  variola;  c)  some  chronic  infectious  diseases,  such  as  syphi- 
lis, tuberculosis,  mycosis;  d)  some  drug  eruptions,  such  as  bromides  or  iodides; 
e)  as  a  result  of  contact  with  oils  and  tars;  f)  as  a  result  of  focal  infections,  such 
as  pustular  bacterid;  g)  some  dermatoses  of  unknown  etiology,  such  as  pustu- 
lar psoriasis  and  subcorneal  pustulosis. 

Bullae:  These  are  large  blisters,  which  may  be  filled  with  serum  or  blood. 
They  may  be  tense  or  flaccid  and  may  or  not  may  have  an  erythematous  halo. 
Bullae  may  originate  within  the  epidermis,  usually  by  acantholysis,  as  in  pem- 
phigus. Alternatively  the  top  of  the  bulla  may  be  formed  by  the  whole  epider- 
mis, the  fluid  accumulating  between  the  epidermis  and  the  dermis,  as  in 
erythema  multiforme.  When  a  bulla  has  been  opened  it  may  leave  an  erosive 
area  which  may  heal  rapidly  as  in  bullous  impetigo,  or  slowly  as  in  pemphigus. 
The  liquid  may  dry  up  and  form  crusts,  or  the  area  may  proliferate  and  form 
vegetations  as  in  pemphigus  vegetans. 

Bullae  may  be  caused  by  a)  external  agents  such  as  trauma,  burns  and 
frostbite;  b)  local  infections  such  as  impetigo  and  erysipelas;  c)  systemic  dis- 
eases such  as  leprosy,  syphilis  (only  in  the  bullous  syphilid  of  the  newborn) ; 
d)  drug  eruptions,  especially  on  the  genitals  and  mouth;  e)  neurologic  diseases 
such  as  syringomyelia  and  neuritis;  f)  diseases  of  unknown  etiology  as  jiem- 
phigus,  epidermolysis,  and  bullous  erythema  multiforme. 

Bullae  are  always  present  in  only  two  diseases:  epidermolysis  bullosa  and 
pemphigus. 

Scales:  Scales  are  the  normal  end  result  of  the  keratinization  cycle  of  the 
basal  layer  of  the  epidermis.  The  normal  skin  is  constantly  scaling,  although 
in  imperceptible  amounts.  Pathologic  desquamation  is  the  result  of  defective 
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oornification.  Iilrytlienia  almost  invariably  loads  to  desquamation.  Desquama- 
tion follows  inflammatory  i)rocesses  in  which  cellular  iufiltiation  is  present. 
Edema  of  the  corium  alone  does  not  lead  to  desquamation  as  it  does  not  im- 
pede the  nutrition  of  the  cells  enough  to  interfere  with  keratinization.  There- 
fore urticaria  is  not  followed  by  destiuamation,  while  sunburn  is. 

Scales  vary  in  moisture  and  fat  content,  in  cohesiveness,  adhesiveness  and 
color.  In  psoriasis  they  are  silvery  and  dry;  in  seborrheic  dermatitis  they  are 
greasier  and  gi'ayish,  as  they  are  scales-crusts  with  dry  serum  between  the 
layers  of  the  horny  cells.  Scales  may  be  very  adherent  or  may  be  loosely  at- 
tached. The  fine  powdery  scales  of  pityriasis  versicolor  and  of  pityriasis  alba 
are  hardly  visible  and  can  only  be  demonstrated  by  gentle  stroking  or  scratch- 
ing with  a  sharp  object.  The  scale  of  discoid  lupus  erythematosus  may  present 
follicular  plugs  on  the  surface  in  contact  with  the  skin,  where  the  scale  pene- 
trates the  follicles. 

Crusts:  Crusts  are  dried  exudation  or  secretion  upon  the  skin  and  may  con- 
sist of  serum,  pus,  blood  or  a  mixture  of  the  three.  The  presence  of  blood  indi- 
cates destruction  or  denudation  of  the  corium.  Crusts  should  be  pressed  upon 
to  see  what  exudes  from  the  edges.  A  part  or  all  should  be  removed  in  order  to 
expose  what  is  underneath.  Crusts  should  be  differentiated  from  scales  and 
from  necrosis. 

Excoriations:  Excoriations  are  traumatic  lesions  caused  by  scratching  and 
are  therefore  conmion  in  i)ruritic  eruptions.  They  are  usually  epidermal  and  do 
not  result  in  scars  but  they  often  leave  pigmentation  which  may  persist  for  a 
long  time.  They  are  usually  punctate  or  linear.  Oozing  of  serum  or  blood  may 
result  in  the  formation  of  crusts.  Excoriations  often  take  a  parallel  arrange- 
ment when  several  fingernails  have  been  used  simultaneously  in  scratching. 
The  presence  of  excoriation  indicates  that  a  lesion  is  pruritic. 

Fissures:  A  fissure  is  a  crack  in  the  skin  w^hich  occurs  when  the  skin  has  lost 
its  elasticity  and  expansibility  through  infiltration  and  thickening.  Fissures 
are  due  to  l)ending  or  other  movements  connnon  in  the  natural  folds  of  the  skin 
as  in  the  corners  of  the  mouth,  palms,  soles,  phalangeal  flexures  and  anal  re- 
gion. Fissures  are  usually  painful  and  may  furnish  the  portal  of  entry  for 
infection. 

Erosions:  Erosions  are  usually  due  to  the  breaking  down  of  a  primary  lesion 
such  as  a  vesicle,  bulla,  or  pustule.  They  heal  without  leaving  scars  since  they 
flo  not  involve  the  corium. 

Ulcers:  An  ulcer  is  an  area  in  w-hich  the  skin  has  been  destroyed  down  to 
the  corium.  Ulcers  which  heal  always  leave  scars. 

Ulcers  may  be  primary:  a)  caused  by  physical  agents  (heat,  cold,  electricity, 
x-rays,  radium)  ;  b)  chemical  agents  (caustics)  ;  c)  infectious  agents  (chan- 
croid, TB  ulcer) ;  d)  trophic  changes,  plantar  ulcers. 

Ulcers  may  be  secondary  to  another  process:  a)  breaking  down  of  gummas 
and  nodules;  b)  neoplastic  diseases,  blood  dyscrasis;  c)  gangrene. 

The  following  characteristics  should  always  be  noted  in  an  ulcer:  1)  loca- 
tion; 2)  configuration  (round  or  oval;  serpiginous  in  phagedenic  ulcers;  geo- 
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metric  or  anoulai'  in  factitial;  annular  or  circinate  in  syphilis);  3)  borders, 
flat  or  regular,  undermined  as  in  chancroid,  punched  out,  rolled,  pearly  (car- 
cinoma), soft,  hard;  4)  base,  soft,  even,  uneven,  firm,  flat,  granulating,  i)uru- 
lent;  5)  discharge,  serous,  seropurulent,  bloody;  6)  color,  bright  red,  livid;  7) 
surroundings,  inflannnatory  edema,  fibrosis,  nodules,  varicosities,  etc.;  8)  sub- 
jective symptoms,  pain,  burning,  etc.;  9)  condition  of  the  related  lymph  nodes. 

Scars:  Scars  are  the  record  left  by  a  destructive  process.  Study  their  dis- 
tribution, configuration  (arcs  or  segments  or  circles),  color  (new  scars  are 
])ink,  older  ones  are  white),  texture  (thin,  soft,  wrinkled,  thick,  keloidal  as  in 
burns,  tuberculosis),  contractibility  or  mutilation  (in  TB,  mycotic  granulomas), 
fixation  to  underlying  tissues.  Secondary  changes  are  scaling  and  ulcerative 
breakdown. 

The  relation  of  scars  to  the  active  process  is  important.  In  syphilis,  the  scar 
is  left  behind  as  the  disease  progresses  at  the  periphery.  In  tuberculosis  the  scar 
may  contain  tul)ercles  that  l)reak  down  and  ulcerate. 

CLINIC.\L  PECULIARITIES  OF  THE  ERUPTION 

The  study  of  the  location  of  a  dermatosis  is  extremely  useful  in  its  diagnosis. 
Even  if  the  patient  reports  for  examination  of  a  single  lesion,  complete  ex- 
amination of  the  whole  skin  may  reveal  other  lesions  which  are  helpful  in 
diagnosis. 

An  eruption  may  be  generalized  or  localized,  symmetrical  or  asymmetrical. 
It  may  follow  a  definite  pattern,  such  as  along  a  nerve  distribution  or  it  may 
have  an  apparently  irregular  pattern  which  nevertheless  is  characteristic  of  a 
disease.  Psoriasis,  for  instance,  has  sites  of  predilection  on  the  elbows,  knees, 
scalp,  nails,  penis,  and  the  upper  part  of  the  intergluteal  fold.  Lichen  planus 
affects  the  flexor  aspect  of  the  wrist,  the  trunk,  the  penis,  and  the  inner  aspect 
of  the  buccal  mucosa.  Seborrheic  dermatitis  is  found  on  the  scalp,  ears,  neck, 
sides  of  the  nose  and  the  middle  of  the  chest  and  back.  Atropic  eczema  occurs 
on  the  face,  especially  the  forehead,  eyelids,  and  chin,  al.'^o  in  the  creases  of  the 
neck  and  the  antecubital  and  popliteal  spaces.  Rosacea  is  distributed  over  the 
flush  areas  of  the  face,  cheeks  and  chin,  between  the  eyebrows,  and  on  the  tip 
of  the  nose.  Fiti/riasis  rosea  is  usually  found  on  the  trunk,  along  the  lines  of 
cleavage,  sides  of  the  neck,  arms  above  the  elbows,  legs  above  the  knees. 
Erythema  multiforme  affects  the  dorsa  of  the  hands  and  feet,  the  sides  of  the 
neck  and  the  mouth.  Acanthosis  nigricans  is  found  at  the  axillae,  sides  of  the 
neck.  Lupus  erythematosus  affects  the  cheeks  in  a  "butterfly"  pattern. 

A  generalized  dermatitis  usually  suggests  a  systemic  cause,  while  a  localized 
one  is  indicative  of  a  local  cause. 

In  the  ever-increasing  field  of  contact  dermatitis  the  location  of  the  eruption 
is  an  important  feature.  The  uncovered  jiarts  of  the  body  are  exposed  to  ex- 
ternal irritants  or  allergens.  The  face  and  dorsa  of  the  hands  are  mostly  af- 
fected by  the  actinic  rays  and  therefore  the  sites  of  predilection  on  diseases  in 
wiiich  this  factor  is  important  such  as  lupus  erythematosus,  polymorphous 
light  erujitions  and  pellagra. 
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Contract  deniiiititis  limited  to  some  definite  i)iirt  of  the  body  suggests  defi- 
iiilc  etiologic  factors,  ^^'lu■n  restricted  to  the  forehead  it  is  indicative  of  hat- 
l)aiid  dermatitis;  if  s|)r('ad  across  the  wrist  it  inciiminates  the  metal  oi'  leather 
of  a  wristwatch  band;  on  the  dorsa  of  the  foot  it  directs  susjjicion  to  some  com- 
l)onent  of  the  shoe.  Hair  dye  dermatitis  often  affects  the  forehead  and  eyelids. 
Toothpastes  may  cause  dermatitis  al)out  the  mouth. 

The  number  of  lesions  is  variable  in  the  different  conditions.  Cutaneous 
caicinoma  is  usually  single,  while  the  tumors  of  lymphoblastoma  are  often 
multiple.  Primai'y  syphilis  is  usually  single;  chancroid  is  often  nudtii)le. 

Lesions  may  be  isolated  or  groujied.  In  the  latter  case  they  may  be  annular, 
aiciform,  polycyclic  or  linear.  A  round  lesion,  coin  shaped  or  nummular,  is 
characteristic  of  jisoriasis,  nummular  eczema  and  erythema  multiforme.  Oval 
lesions  are  seen  in  jiityriasis  rosea.  Annular  lesions  with  clear  centers  are  char- 
acteristic of  ringworm.  Sometimes  a  ring  is  not  complete  and  arciform  lesions 
are  produced;  these  are  seen  in  syphilis,  lichen  jilanus  and  mycosis  fungoides. 

Occasionally  the  lesions  are  grouped  irregularly  but  present  a  geographic 
pattern,  with  clear  skin  within  the  patches.  This  is  often  seen  in  psoriasis, 
jiityriasis  rubra  pilaris  and  mycosis  fungoides. 

By  confluence  the  lesions  may  form  large  patches,  which  may  present  a 
somewhat  different  picture  than  the  inchvidual  lesions.  In  lichen  planus,  for 
instance,  the  grouping  of  papules  form  patches  of  lichenification,  while  at  the 
]ieriphery  individual  papules  with  the  typical  violaceous  color  and  configura- 
tion may  be  found. 

SUMMARY  AND  CONCLUSIONS 

Much  valuable  information  can  be  gained  by  careful  observation  of  the 
skin,  hair,  nails  and  mucous  membranes  of  the  patient  who  has  a  dermatosis. 

The  patient  should  be  observed  first  as  a  whole.  An  inventoiy  of  his  general 
health,  hygiene,  occupation,  age,  sex,  race  and  national  origin  may  yield  valu- 
able hints  as  to  the  diagnosis. 

The  skin  disease  should  be  first  examined  from  a  distance,  to  note  its  location 
and  configuration.  The  whole  body  should  be  examined,  including  the  mucous 
membranes  of  the  mouth  and  genitals,  and  palms  and  soles. 

After  a  general  observation  of  the  eruption,  a  close  observation  should  de- 
termine the  i)rimary  lesion  and  the  secondary  one. 

In  dermatology  it  is  best  to  avoid  hasty  diagnoses.  A  methodical,  step-by- 
step  approach  will  lead  to  a  few-  possibilities  to  be  considered.  From  there  on 
the  final  diagnosis  may  be  reached  by  laboratory  tests,  therapeutic  tests,  the 
course  of  the  eruption,  etc.  It  is  always  better  to  delay  the  diagnosis  for  a 
while  than  to  make  the  wrong  one. 
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'"To  those  fundamental  laws  leads  no  logical  method, 
but  only  intuition,  l)ased  on  the  empathic  grasp  of  ex- 
perience." 

Albert  Einstein,  Motive  des  Forschens  (1918) 

It  has  been  said  that  teaching  in  psychiatry  on  a  graduate  or  postgraduate 
level  all  too  often  has  consisted  of  redundant  reminders  of  "how  much  good 
just  listening  does  for  our  patients"  (1).  But  if  the  patients  are  truly  to  benefit, 
the  medical  practitioner — or,  preferably,  the  medical  student — must  be 
taught  how  to  do  much  more.  He  must  learn  how  to  observe,  how  to  evaluate 
his  patients'  remarks,  and  how  to  detect  relevant  cues  among  the  data  picked 
up  while  taking  a  history. 

Indeed,  medical  observation  should  start  when  the  patient  first  enters  the 
doctor's  office,  with  an  inspection  of  the  patient's  attire,  grooming  and  de- 
meanor. Much  is  revealed  by  these  factors  alone,  these  aspects  of  nonverbal 
communication.  The  young  woman  who  is  dressed  in  drab  colors  and  in  clothes 
that  don't  seem  to  belong  to  her,  whose  hair  style  indicates  she  does  not  care 
about  her  appearance,  who  enters  the  consultation  room  without  bothering 
to  close  the  door  and  then  sits  down  opposite  the  doctor  without  looking  at  him 
— -this  patient  communicates  aloofness  and  a  feeling  of  alienation  from  her 
environment  even  before  she  utters  a  single  word.  While  taking  a  history,  the 
physician  may  direct  his  questions  toward  eliciting  specific  information  about 
the  possible  loss  of  a  love  object  or  about  any  other  experiences  that  might  be 
responsible  for  triggering  a  depression;  he  will  also  do  well  to  find  out  whether 
his  patient  feels  estranged  from  her  family  and  friends  and  gives  evidence  of 
depersonalization  and  withdrawal  from  her  environment.  The  all-important 
issue  is  that  he  refrain  from  jumping  to  rash  diagnostic  conclusions  and  firmly 
keep  in  mind  the  relevant  associative  cues. 

Merely  to  observe  the  obvious  and  to  indulge  in  common  sense  conclusions 
will  result  in  erroneous  assessments  and  in  alienating  the  patient,  who  will 
feel  dissatisfied  that  his  doctor  has  not  bothered  to  try  a  bit  harder  to  under- 
stand him.  A  case  in  point  concerns  a  psychiatrist  who  developed  a  serious 
otitis  media  in  his  left  ear.  While  being  examined  by  a  competent  ear,  nose, 
and  throat  specialist,  he  was  reassured  al)out  the  mild  nature  of  the  trouble, 
the  absence  of  any  significant  hearing  loss,  and  the  advisability  of  conservative 
treatment.  Then  came  a  brief  discussion  regarding  the  length  of  treatment  and 
the  possibility  of  a  recurrence.  The  psychiatrist  remarked  that  the  accumu- 
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latioii  of  fluid  in  tlie  middle  car  created  an  micomfortahlc  sensation  of  pressure 
and  fullness  and  ini|)aired  his  perception  of  his  own  voice.  A  week  latei',  during 
the  second  consultation,  it  was  apparent  that  the  condition  had  not  completely 
cleared  up.  The  psychiatrist  was  again  reassured  about  the  prognosis  and  told 
to  he  ])atient.  At  this  point,  the  ear,  nose,  and  throat  specialist  asked:  "Do 
you  mind  if  1  mention  your  case  in  my  next  lecture  to  residents?  I  want  to 
teach  them  the  significance  of  the  total  life  and  work  situation  in  the  individual 
patient's  reaction  to  even  the  mildest  pathology.  It  is  obvious  that  you  are 
esjiccially  concerned  about  your  ear  infection  because  as  a  psychoanalyst  your 
left  ear  is  of  particular  importance  to  yoti,  sitting  as  you  do  behind  the  patient 
who  lies  on  the  couch  to  your  left,  no  doubt.  No  wonder  even  the  slightest  hear- 
ing loss  in  that  car  causes  you  anxiety." 

So  plausible  did  this  explanation  seem  to  the  specialist  (and  would  it  have 
seemed  to  his  residents)  that  it  ])recluded  any  exi)loration  of  the  true  circum- 
stances. The  doctor,  satisfied  with  his  glib  interpretation,  felt  it  unnecessary 
to  ask  his  patient  such  pertinent  questions  as:  "What  does  this  ear  trouble 
mean  to  you?  Have  you  had  any  ear  infections  in  the  past?  Has  anybody  else 
in  your  family  ever  had  trouble  with  his  ears?"  These  simple  inquiries  would 
have  revealed  to  the  specialist  tliat  the  psychiatrist's  only  brother  had  devel- 
oped a  chronic  otitis  media  in  the  left  ear  as  a  young  boy  and  had  been  treated 
conservatively  for  years  by  a  prominent  specialist  whose  opposition  to  surgery 
was  well  known.  Eventually  the  boy  had  developed  a  cholesteatoma  in  the  left 
mastoid  process  and  died  of  sinus  thrombosis  and  septicemia.  It  would  have 
been  easy  to  elicit  these  most  relevant  data  in  five  to  ten  minutes.  Moreover, 
the  location  of  the  psychiatrist's  couch  could  hardly  be  relied  on  to  give  a 
deeper  understanding  of  the  patient's  anxiety  concerning  the  infection  in 
his  left  ear.  Roughly  60  per  cent  of  his  patients  usually  faced  him  while  seated 
on  a  chair;  less  than  half  made  use  of  a  couch,  which  was  located  on  the  doctor's 
right. 

Conversely,  the  doctor  must  be  able  to  observe  his  own  emotional  reactions 
upon  being  exposetl  to  a  jiatient's  problems.  This  was  vividly  demonstrated  in 
a  group  discussion  in  one  of  our  postgraduate  seminars  in  psychiatry  for 
physicians  conducted  at  The  Mount  Sinai  Hospital  (2).  The  subject  under 
consideration  was  how  much  to  tell  the  family  about  the  seriousness  and 
nature  of  the  psychiatric  illness  of  one  of  its  members.  Suddenly  a  doctor 
took  the  floor  to  pose  an  example.  A  schizophrenic  patient  of  his  had  been  in- 
stitutionalized, and  her  twelve-year-old  son  had  asked  whether  he,  too,  might 
become  mentally  ill.  The  psychological  factors  motivating  the  boy  were  ex- 
plained to  the  doctor,  and  he  was  advised  that  the  boy  should  have  been  re- 
assured that,  to  the  best  of  present  knowledge,  schizophrenia  is  not  hereditary 
and  that  his  mother's  illness  in  no  way  affected  his  outlook  for  mental  health. 
At  this,  the  doctor  interrupted  excitedly:  "All  right.  So  much  for  soft-soaping 
the  boy.  Now  what  about  the  truth?"  Some  time  later  we  learned  the  reason  for 
the  doctor's  agitation:  his  brother  had  been  in  a  mental  institution  for  years. 

To  understand  a  patient's  emotional  suffering,  the  medical  practitioner 
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must  go  beyond  estahlisliing  a  correct  diagnosis  of  somatic  illness.  He  must 
elicit  from  the  ])atient  what  motivated  the  timing  for  a  checkup  or  what  it 
means  to  him  at  this  particular  stage  in  his  life  to  be  afflicted  with  this  illness 
or  traumatic  injury  to  his  body.  How  much  more  understanding  of  "the  total 
life  situation"  and  contributing  emotional  factors  does  the  physician  gain  who, 
in  the  course  of  a  jihysical  examination,  routinely  asks  his  patients:  "Why  do 
you  come  to  me  at  this  time?  You  have  had  this  complaint  before,  haven't 
you?" 

It  is  of  particular  significance  that  the  postgraduate  student  of  psychiatry 
often  expresses  surprise  and  disbelief  when  confronted  by  instruction  that 
emphasizes  the  importance  of  projier  handling  of  the  doctor-patient  relationship 
based  on  efforts  to  understand  the  ]>atient  as  a  human  being  motivated  by 
fears,  by  anger,  by  love  and  hate  and  by  many  other  inner  needs  (2).  Fragmen- 
tation of  medicine  into  an  ever  increasing  number  of  separate  specialties  and 
subspecialties  has  increased  the  danger  of  dehumanization  in  modern  medicine. 
The  medical  specialist  as  a  highly  trained  technician  concerned  only  with  a 
si)ecific  organ  system  or  body  part,  not  with  a  human  being  suffering  pain  and 
anguish,  is  one  aspect  of  the  problem,  but  only  one.  The  contribution  of 
modern  psychiatry  to  the  education  of  the  physician  is  recognized  (3),  the 
changes  in  the  medical  curriculum  in  the  past  twenty  years  are  widely  dis- 
cussed, the  literature  on  the  im]3ortance  of  the  role  of  the  medical  practitioner 
in  the  emotional  reactions  of  his  patients  is  immense  (2  to  8) ,  but  the  finished 
product,  the  young  physician,  the  medical  intern  and  resident,  show  a  truly 
astonishing  disinclination  to  heed  the  emotional  alarm  signals  their  patients  are 
giving  off.  General  jiractitioners  who  have  attended  postgraduate  courses  in 
psychiatry  at  The  jMount  Sinai  Hospital  during  the  past  five  years,  some  of 
whom  were  relatively  recent  graduates  of  various  medical  schools  in  the 
country,  agreed  that  the  many  subtle  aspects  of  the  doctor-patient  relationship 
had  not  been  stressed  sufficiently  during  their  years  of  training.  This  tends  to 
confirm  the  findings  of  Shumacher  and  Gee  19)  for  doctors  of  the  1950  graduat- 
ing class,  who  for  the  most  part  .stated  that  this  was  indeed  a  major  deficiency 
in  their  training,  and  of  Kaufman  (10)  who  has  observed  that  "of  all  the 
subjects  that  the  intern  has  been  exposed  to  as  a  medical  student  he  shows 
the  greatest  ignorance  in  the  field  of  psychiatry.  He  may  know  the  lyrics  but 
he  cannot  carry  the  tune." 

In  our  experience  in  teaching  postgraduate  psychiatry  to  medical  practi- 
tioners at  The  Mount  Sinai  Hosj^ital,  we  have  learned  that  the  doctor  who  re- 
lies heavily  on  the  time-worn  cliches  and  expressions  is  usually  the  one  most 
prone  to  be  blocked  when  it  comes  to  observing  his  j^atients'  behavior  and  to 
interpreting  what  he  sees.  It  is  not  enough  to  state:  "This  patient  is  tense  and 
anxious,"  and  to  prescribe  one  among  a  number  of  tranciuilizers,  or  to  say: 
"The  patient  is  depressed  and  anxious,"  and  to  prescribe  a  tranquilizer  com- 
bined with  an  antidepressant  drug. 

It  is  quite  true  that  the  patient  who  is  expecting  her  fourth  child  at  a  point 
in  her  life  when  her  three  children  need  her  much  less  than  before  and  when 
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slic  had  already  decided  to  resume  an  academic  career  interrupted  l)y  tiie  birth 
of  her  first  child  may  well  he  tense  and  anxious.  Uut  to  tell  her  that  and  to 
olTer  her  a  tran(|uilizer  will  accomplish  much  less  lor  her  than  to  ^ive  her  an 
ojipoi'tunity  to  verbalize  her  disappointment  ovci'  the  need  for  postponement 
and  to  hel{)  her  face  up  to  her  aii^cr  without  mobilizing  excessive  guilt  feelings. 
She  can  be  made  to  see  in  very  brief  talks  that  there  is  no  need  to  give  up  her 
integrity  as  an  individual  with  well-defined  goals  and  ambitions  because  of 
her  ])regnancy  and  the  demands  of  a  new  child  on  her  time  and  energy.  But 
to  tell  such  a  woman  that  she  is  "tense  and  anxious"  often  has  just  the  op- 
posite effect  from  the  one  intended  by  the  physician;  the  woman  interprets 
these  terms  as  a  reproacli  by  the  stern  father  substitute  and  feels  guilty  aljout 
having  had  any  misgivings  or  regrets  about  the  timing  of  her  pregnancy. 
Medical  terms  that  have  become  labels  eventually  lose  their  usefulness  and  may 
become  harmful.  The  toxic  effect  of  certain  fixed  expressions,  when  used  in 
front  of  a  patient  during  grand  rounds  or  in  the  privacy  of  the  doctor's  con- 
sultation room,  is  well-known  to  psychiatrists.  Just  as  in  scientific  research 
progi'ess  at  a  given  point  may  depend  on  finding  an  adequate  new  language  to 
express  and  communicate  new  developments  and  advances,  so  must  the  phy- 
sician learn  to  reach  his  patients  through  a  manner  of  speaking  that  meets 
their  needs. 

The  old  body-mind  dualism  is  still  alive  in  many  physicians  today  and  is 
responsible  for  a  "partisan"  attitude,  be  it  purely  somatic,  exclusively  psycho- 
genic and  envii'onmental  or  rigidly  genetic.  It  would  appear,  therefore,  that  we 
need  a  much  wider  consensus  among  physicians  that  a  comprehensive  ap- 
proach, a  monistic  point  of  view,  is  the  one  that  alone  does  justice  to  our 
empirical  data.  But  attitudes  are  not  changed  by  exhortation  nor  by  logical 
remonstration  alone.  The  [ihysician  who  is  handicapped  l)y  a  deeply  in- 
grained conviction  that  organic  illness  precludes  emotional  conflict  and  that 
an  emotional  or  "functional"  disturbance  can  be  only  considered  after  re- 
peated examinations  and  laI)oratory  tests  have  failed  to  produce  evidence  of 
organic  pathology — that  physician  treats  organ  systems  rather  than  lumian 
beings.  He  has  remained  deaf  to  his  patients'  verbal  and  nonverbal  signals  and 
symbolic  expressions  of  emotional  conflict. 

What  is  the  reason  for  such  an  attitude?  Is  it  due  to  powerful  inner  resist- 
ances by  the  medical  student  to  an  ai'ea  that  is  deeply  disturbing  because  it 
deals  with  the  unconscious  and  with  instinctual  forces  that  he  regards  as  po- 
tential threats  to  his  detached,  "objective"  professional  attitude?  There  is  more 
and  more  supporting  evidence  for  the  impression  that  many  physicians  begin 
their  internship  with  a  hostile  and  cynically  rejecting  attitude  toward  any- 
thing ])ertaining  to  the  emotional  life  of  the  patient.  These  same  physicians 
not  infrequently  reveal  a  remarkal)ly  "jiartisan"  attitude  concerning  their 
specialty,  diagnostic  conclusions,  ways  of  medical  reasoning,  in  short,  their 
"scientific  method,"  while  ])ointing  out  that  psychiatry  is  not  yet  an  objective 
science  and  i)sychological  medicine  is  still  too  widely  open  to  each  individual 
examiner's  interpretations.  These  old  objections  are  still  voiced  l)y  i)hysicians 


352 


HANS  J.  KLEINSCHMIDT 


vvho  bcli(>ve  that  they  are  scientists  endowed  with  a  scientific  mind  and  trained 
in  the  objectively  proved  ways  of  apjilying  the  scientific  method  in  the  exami- 
nation of  all  their  patients.  Some  physicians  seem  almost  obsessed  by  what 
has  been  called  "the  fetishism  of  the  single  cause"  (11)  and  utterly  unable  to 
accept  the  fundamental  tenet  that  psychopathology  can,  and  often  does, 
co-exist  with  organic  findings.  The  search  for  the  one  big  secret  of  nature  to 
be  unlocked  by  discovering  the  right  formula,  by  applying  the  correct  model  of 
thinking,  has  vexed  natural  scientists  and  philosophers  alike.  Physicians  must 
be  made  to  realize  that  such  a  simplistic  pur.suit  of  obtaining  mastery  over 
complex  interacting  forces  is  rooted  in  unresolved  infantile  strivings  for  om- 
nipotence rather  than  in  sound  medical  observation. 

We  have  been  impressed  for  some  time  with  the  prevalence  of  rescue 
fantasies  as  an  unconscious  motive  in  the  choice  of  medicine  as  a  profession. 
Those  who  have  had  an  opportunity  for  psychiatric  and  psychoanalytic  ex- 
ploration of  creative  artists  as  well  as  scientists  are  struck  by  certain  simi- 
larities in  the  dominant  psychological  mechanisms.  It  would  appear  that  all 
creative  endeavor  is  intimately  related  to  the  aggressive  instinct  and  that 
artistic  creation  as  well  as  scientific  pursuit  of  discovery  are  restitutive  proc- 
esses based  on  an  unconscious  need  to  produce  something  of  enduring  value — 
"goodness  and  wholeness  from  that  which  in  fantasy  had  been  injured  and 
rendered  bad"  (12).  It  is  at  this  particular  point  that  the  physician  comes 
closest  to  embracing  the  functions  of  both  the  scientist  and  the  artist  because 
healing,  like  artistic  creation,  is  magic.  Artist  and  healer  alike  strive  for 
mastery  of  destructive  forces  through  control.  The  more  perfect  such  control, 
the  more  widely  applicable  the  new  law  and  order  brought  into  the  wealth  of 
threatening  phenomena,  the  greater  the  scientist's,  the  physician's  as  well  as 
the  artist's  success.  Lack  of  mastery  produces  anxiety  and  helplessness.  This 
would  explain  the  ready  acceptance  of  theories  in  medicine  in  those  areas 
where  we  feel  most  threatened  by  uncertainty  and  lack  of  real  understanding. 
It  would  seem  that  even  an  unsatisfactory  theory  alleviates  the  horror  vacui. 

Each  generation  feels  the  many  threats  to  human  existence  as  keenly  as 
the  preceding  one  and  reacts  very  much  like  the  manic-depressive  patient  who 
has  had  many  recurrent  depressions  during  his  lifetime  but  who  is  convinced 
that  the  current  depression  is  the  worst  one  he  ever  experienced.  Since  the 
means  and  w-ays  in  which  human  existence  is  threatened  take  on  new  aspects 
from  time  to  time,  man  is  only  too  ready  to  believe  that  the  new  threats  to  his 
survival  are  more  destructive,  more  frightening  than  past  dangers,  but  the 
history  of  medicine  and  particularly  the  history  of  medical  psychology  teaches 
us,  if  anything,  that  over  the  centuries  man  has  always  felt  surrounded  by 
inimical  forces  and  forever  searched  for  "basic  security,"  that  elusive  goal. 

Too  many  physicians  unhesitatingly  accept  the  cliches  about  the  "global 
anxiety  of  our  time"  and  "the  understandable  world  tensions  of  the  nuclear 
era"  that  are  responsible  for  the  age  of  anxiety  in  which  we  live.  "The  atom, 
the  indivisible  and  most  basic  particle  of  matter,  has  been  split  and  l)rought 
to  disintegration,"  writes  Sterba,  and  "the  basic  insecurity  of  our  time  is  not  in 
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the  least  a  result  of  this  scientific  disintegration  of  our  world  concept"  (13). 
But  world  concepts  have  been  challenged  and  undergone  changes  in  each 
successive  generation,  always  presenting  threats  to  the  quest  for  security  and 
stal)ility.  Progress  inevital)ly  leads  to  change  and  change  necessitates  re- 
orientation and  renewed  efforts  for  adaptation.  Change,  brought  about  by 
science  or  art,  threatens  the  established  order  and  thus  produces  anxiety  and 
anger.  Jaspers,  a  leading  exponent  of  existentialist  philosophy  and  psychiatry, 
has  also  raised  his  voice  in  warning  against  the  thivat  of  destruction  through 
nuclear  energy.  It  is  significant,  however,  to  find  that  as  early  as  1930 
Jaspers  saw  the  individual  in  our  era  threatened  by  three  destructive  forces: 
modern  technology,  the  ^larxist  doctrine,  and  Freud's  instinct  theory  (14). 

A  trend  established  by  advances  in  medical  research  in  any  given  era  may 
i)ecome  dogma.  Medical  dogma  combined  with  the  forceful  personality  of  a 
gieat  teacher  can  produce  a  barrier  against  independent  observation  and  re- 
search. In  the  writings  of  Hippocrates,  we  find  stressed  the  importance  of 
careful  insjx'ction  of  each  individual  patient  and  the  great  variability  in  mani- 
festations of  the  same  disease.  In  the  case  of  tuberculosis,  for  instance,  Hippo- 
crates was  pointing  in  the  direction  of  the  ecology  of  disease,  taking  into 
account  such  factors  as  changes  in  climate,  the  geographical  origin  of  the 
patient,  his  age,  race,  and  general  constitution.  By  prognosticating  on  the 
basis  of  environmental  and  many  other  factors,  he  avoided  narrow  categorical 
statements  based  on  the  nature  of  the  diagnostic  entity  alone. 

Interestingly,  Hippocrates  was  the  first  teacher  in  medicine  to  record  his 
failures  in  medical  practice.  He  pointed  out  that  we  learn  much  from  record- 
ing our  mistakes  rather  than  our  successes  in  practice. 

His  most  astounding  achievement  was  to  free  the  medical  practice  of  his  time 
from  the  domination  of  theology  and  philosophical  speculation,  and  to  replace 
them  with  the  new  empiricism  of  medical  observation.  On  rereading  the  writ- 
ings of  Hippocrates,  one  is  struck  by  the  truth  that,  in  order  to  observe  and 
report  accurately  and  relevantly,  the  physician  must  be  able  to  ignore  the  idols 
of  the  market  place,  the  fashionable  trends  that  may  represent  the  most  super- 
ficial aspects  of  the  mentality  of  his  era. 

The  Hippocratic  method  was  held  in  high  esteem,  but  it  is  an  ironical  fact 
that  this  high  regard  eventually  proved  its  undoing:  his  classic  forty-two 
clinical  case  studies  gradually  became  exercises  in  memorization  rather  than 
instructions  in  precepts  and  orientation.  His  flexibility  of  mind  and  keenness 
of  perception  were  lost  in  a  slavish  adherence  to  "the  text." 

Galen's  writing  later  suffered  a  similar  fate.  For  centuries  the  practicing 
physician  adopted  the  attitude  that  if  his  findings  did  not  correspond  to  de- 
scriptions found  in  his  classic  text,  then  "nature  has  erred  because  Galen  can- 
not be  in  error." 

The  prevalence  of  unrealistic  ideas  concerning  scientific  observations  is 
startling.  A  most  widely  cherished  notion  is  that  the  dedicated  student  with  a 
solid  foundation  of  knowledge,  the  best  training  available,  and  a  coldly 
logical  mind,  is  totally  equipped  to  add  to  man's  understanding  of  nature. 
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The  classical  scholar  and  liunianist  Gill)ert  Murray  perceived  the  true  com- 
])lexity  of  the  ci'eative  process  when  he  said:  "The  uncharted  surrounds  us  on 
evei-y  side  and  we  must  needs  have  some  relation  towards  it,  a  relation  which 
will  dejx'nd  on  the  general  discipline  of  a  man's  mind  and  the  bias  of  his 
whole Charactei-.  As  far  as  knowledge  and  conscious  reason  will  go,  we  should 
follow  resolutely  their  austere  guidance.  When  they  cease,  as  cease  they 
must,  we  must  usi'  as  best  we  can  those  fainter  ])owers  of  appi'ehension  and 
surmise  and  sensitiveness  by  which,  after  all,  most  high  truth  has  been 
reached  ..."  (15). 

One  can  only  be  amused  by  the  evidence  of  this  great  humanist's  own  bias 
toward  the  power  of  the  dynamic  unconscious  by  relegating  it  to  a  secondary 
position.  Here  Gilbert  Murray  erred.  The  uncharted  regions  of  the  human 
mind  leferred  to  ai-e  all  the  manifold  unconscious  motivations  and  link-ups 
which  act  as  invisible  promptei's  off-stage.  We  do  not  have  recourse  to  these 
unconscious  resources  after  knowledge  and  conscious  reason  are  exhausted.  If 
we  had  to  postulate  a  chronology  of  processes,  the  order  would  be  reversed. 
Unconscious  motives  propel  and  direct  our  drives,  channel  our  conscious 
thoughts  and  focus  our  interests.  But  the  influence  of  these  unconscious  forces 
never  ends;  instead,  it  remains  an  ongoing  jirocess,  concomitant  with  all  con- 
scious activity. 

One  is  reminded  of  the  certainty  expressed  by  some  of  the  great  teachers  in 
the  exercise  and  application  of  logic  to  all  the  sciences,  such  as  John  Stuart 
Mill.  "The  business  of  inductive  logic  is  to  provide  rules  and  models  (such  as 
the  syllogism  and  its  rules  are  for  ratiocination)  to  which,  if  inductive  argu- 
ments conform,  those  arguments  are  conclusive.  .  .  ."  Mill  seemed  to  regard 
deductive  reasoning  with  condescension  because  it  "merely  expands  and  un- 
folds" natural  laws  and  information  already  contained  in  the  premises  on 
which  the  researcher's  work  is  based.  And  yet  we  find  a  consensus  among 
scientists  today  to  the  effect  that  the  inductive  process  "cannot  achieve  cer- 
tainty .  .  .  the  only  act  which  the  scientist  can  execute  with  logical  certainty 
is  the  repudiation  of  what  is  false"  and  "the  formulation  of  a  natural  law 
begins  as  an  imaginative  exploit"  ( 16) . 

Medawar's  postulate  was  that  "the  idea  of  naive  or  innocent  observation  is 
philosopher's  make-believe"  (16).  How  does  scientific  medical  observation 
oj^erate?  It  is  of  course  true  that  we  do  not,  "uncorrupted  by  prejudice  or  jiast 
experience,  passively  accept  the  imprint  of  sensory  information  from  the  out- 
side world  and  in  due  course  work  it  into  complex  notions  ...  In  all  sensations 
we  pick  and  choose,  interpret,  seek  and  impose  order,  and  devise  and  test 
hypotheses  about  the  nature  of  what  we  witness.  Sense  'data'  are  taken,  not 
merely  given.  Hebb  has  convinced  us  that  we  learn  to  perceive." 

In  1883  Helmholtz  gave  a  lecture  aimed  at  answering  those  critics  in  the 
scientific  world  who  accused  him  of  having  robbed  Robert  Mayer,  the  physician 
from  Heilbronn,  of  his  just  claim  for  priority  as  discoverer  of  the  law  of  con- 
servation and  transformation  of  energy  (17).  Robert  Mayer  published  his 
paper  in  1842.  Helmholtz  reported  his  extensive  w^ork  on  the  same  topic  in 


ON  TIIK  l'SV('ll()L()(;V  OF  MKDICAL  OliSKKVATION 


355 


IS47.  IJohcrt  Aliiycr's  priority  is  t lici'cloi'c  cstalilislicd  Ix'VoihI  ;i  sluuldw  of  u 
(loulit  liiit  I  Iclnilioltz,  who  was  not  a  pi'acticiiifj;  jjhysician  hut  ])rofcs.sor  of 
physics  and  a  man  wliost'  ran^c  of  knowlcdi^c,  ability  as  an  iinaffinative 
cxpcriincntor  and  exact  scientist  and  whose  familiarity  with  tlie  woi'k  of  other 
h'adintj;  I'eseai'chei's  in  the  field  wei'e  second  to  none,  had  paid  no  attention  to 
the  two  short  jjapers  pul)lishe(|  hy  Mayer  in  1842  and  1843  because  the  pics- 
entation  of  his  ideas  conceininti;  the  law  of  conservation  of  enei'<>;y  was  "un- 
satisfactory." He  ofi'ered  no  convincin;j;  experimental  pi'oof  and  fui't  liei'more, 
the  inti'otluction  to  his  ai  ticle  might  have  discouraj^ed  a  scientist  fi'om  I'eading 
on  because  of  his  inteipictation  of  the  sentence  "causa  aeqimt  ejjectvin," 
cause  ecjuals  effect,  as  meaning  that  that  which  is  acting  as  cause  is  inde- 
structible. There  were  easily  detectable  mistakes  in  some  of  the  few  calcula- 
tions contained  in  this  historic  publication.  The  astonishing  fact  remains  that 
in  spite  of  scant  material  presented,  vitiated  l)y  iei)eated  errors  in  calculation 
and  interpretation,  and  cloudy  geneialities  of  doubtful  value,  Robert  Mayer 
ai'iived  at  correct  conclusions  and  obviously  had  correct  ideas  concerning  the 
law  of  conservation  of  energy.  How  was  this  possible?  How  had  Robert  Mayer 
arrived  at  one  of  the  most  revolutionary  discoveries  in  science  of  our  time, 
though  lacking  in  scientific  know-how  and  ability  or  perseverance  and  though 
heavily  burdened  by  vague  metaphysical  notions?  As  Helmholtz  has  said, 
Mayer's  method  was  largely  inspirational  and  intuitive. 

Robert  Mayer  was  the  youngest  of  three  sons  of  a  i)harmacist  who  had 
awakened  the  boy's  interest  in  natural  sciences  and  medicine  early  in  his  life. 
In  an  autobiographical  sketcli  Rol)ert  Mayer  reports  that  "a  frustrated  attempt 
to  construct  a  i)erpetuum  mobile  created  a  lasting  impression  in  the  10  year 
old  who  busied  himself  with  mechanical  and  chemical  experiments  .  .  .  ;  when 
he  later  as  an  adult  realized  the  fundamental  impossibility  of  what  he  had  once 
attempted  as  a  child,  he  had  already  laid  the  foundation  for  a  correct  theory 
of  natui  al  forces  to  which  heat  also  belongs  .  .  .  Taught  by  his  elders  that  he 
was  in  error  since  through  the  transfer  from  a  big  wheel  to  a  smaller  one  as 
much  energy  is  lost  as  velocity  is  gained,  he  ciuickly  abandoned  his  project,  but 
gained  through  his  eri'or  in  his  early  youth  the  insight  that  nothing  comes 
from  nothing."  He  became  a  ship's  doctor  as  a  young  man  of  twenty-four  and 
on  a  journey  to  the  East  Indies  suffered  a  severe  dei:)ressive  episode.  We  fimd 
the  following  note  in  his  diary  dated  Ajiril  10,  1840:  "Soml)er  thoughts,  grave 
worries  which  focus  on  the  sacred  heail  of  my  father  are  pressing  today,  more 
than  ever,  upon  my  soul."  An  entry  from  his  diary  from  the  30th  of  May  re- 
veals: "Father's  birthday.  Dark  worries  oppress  me  on  this  festive  day  which 
we  had  often  i)assed  hapi)ily  in  the  family  fold  and  only  with  effort  was  I 
eventually  able  to  free  myself."  During  the  next  week  his  depression  cleared 
u|)  to  be  replaced  by  a  hypomanic  reaction  and  Robert  Mayer  suddenly  makes 
his  cijochal  discovery  1 18). 

Ih'lmholtz  and  the  histoiy  of  science  of  the  nineteenth  century  teach  us  an 
important  lesson:  a  scientific  observation,  in  medicine  as  in  any  othei'  scientific 
field,  to  be  recognized  must  be  timely.  It  is  quite  evident  tliat  noi)ody  would 
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have  hotlu'liHl  with  Robert  Mayer's  brief  comniunieationy  on  the  hiw  of  con- 
servation of  energy  in  1842  and  1843,  had  it  not  been  for  the  fact  that  K.  F. 
Mohr  had  ah'eady  published  a  treatise  on  the  mechanical  theory  of  heat  in 
1837.  tliat  Joule  in  England  was  working  on  experimental  proof  for  the  very 
same  law  at  least  since  1840  and  that  toward  the  end  of  the  eighteenth  and 
during  the  first  half  of  the  nineteenth  century  preoccupation  with  this  sci- 
entific i)roblem  was  far  from  unusual.  In  other  words  the  solution  to  the 
problem  culminating  in  a  gwnt  discovery  of  a  fundamental  law  of  nature  "was 
in  the  wind"  at  precisely  that  time  when  young  Robert  Mayer  had  his 
transcendental  ideas  wdiicli  in  psychic  actuality  were  highly  elaborated  ra- 
tionalizations for  threatening  unconscious  aggressions  directed  against  his 
father.  The  great  Helmholtz  knew  something  about  that  too.  His  own  corre- 
spondence with  his  philosopher-father  reveals  his  struggle  over  the  years 
between  the  indomitable  force,  the  inner  necessity,  to  prove  his  father  wrong 
and  his  often  tortured  attempts  to  retain  the  fagade  of  the  pious  and  respectful 
son.  He  was  successful,  though,  in  finding  the  substitute  channel  for  this 
need  by  proving  his  illustrious  teacher,  the  jihysiologist  Johannes  Miiller,  wrong. 
His  admiration  and  respect  for  his  teacher  were  l)Oundless  but  as  soon  as  he 
obtained  his  own  laboratory  and  teaching  position,  he  set  out  to  prove  with 
imaginative  and  extremely  painstaking  experiments  that  his  former  master 
was  mistaken  in  asserting  that  it  would  never  be  jiossible  and,  indeed,  a  waste 
of  time  to  ever  attempt  to  measure  the  si)eed  of  transmission  of  the  nerve  im- 
pulse. Helmholtz  succeeded  in  measuring  it  and  insisted  upon  publication  of 
his  findings  in  Johannes  Miiller's  own  archives.  It  is  also  of  more  than  passing 
interest  that  Johannes  Aliiller  had  remained  a  ''vitalist"  w'ho  believed  in  a 
mysterious  vital  energy  which  is  eventually  used  up  and  dissipated.  Here 
again,  Helmholtz  proved  his  teacher  wrong  by  establishing  the  principle  of 
conservation  of  energy. 

So  much  about  unconscious  motivating  forces  and  their  significance.  But  the 
two  points  Helmholtz  alluded  to  in  his  lecture  on  the  problem  of  Robert 
Mayer's  priority  arc  of  equal  imjjortance  (16). 

1.  The  scientist,  not  unlike  the  artist,  must  speak  a  language  intelligible  to 
his  contemporaries  in  order  to  find  recognition.  An  idea  that  is  expressed  in 
vague  terms  without  reference  to  a  pre-existent  body  of  knowledge  may 
easily  be  overlooked. 

An  instructive  example  of  this  is  the  fate  of  Paracelsus'  startling  description 
of  the  working  of  the  unconscious  in  children  suffering  from  chorea  which  he 
gave  in  the  beginning  of  the  sixteenth  century.  In  1526  he  wrote  a  slender 
A'olume  entitled  Von  der  Krankheiten  so  natiirUch  der  Vernunfft  bcrauben, 
in  which  he  asserts  that  children  possess  imagination  and  that  chorea  lasciva 
is  due  to  imaginings  and  ideas.  In  children  just  as  in  adults  "the  cause  is  also 
imagination  based  not  on  thinking  but  on  perceiving,  because  they  have 
heard  or  seen  something.  The  reason  is  this:  their  sight  and  hearing  are  so 
strong  that  vticonsciously  they  have  fantasies  about  what  they  have  seen  or 
heard."  This  appears  to.  be  the  first  mention  of  imconscious  motivation  of 
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iicui'osis  in  tlir  liistoiy  of  iiicdicnl  i)sycli()l()^y  (19).  'This  lii'st  accui'atc  clinical 
rclVrciKie  to  tlie  role  of  the  unconscious  in  medical  literature  was  so  completely 
cut  off  from  the  pi'coccupations  and  trends  of  scientific  investigation  in  medi- 
cine of  that  peiiod  it  found  no  echo  of  acceptance  or  recognition.  In  fact  it 
was  completely  ignored  for  almost  four  centuries. 

Michael  Servetus  is  credited  with  one  of  the  great  discoveries  in  human 
anatomy  and  physiology,  that  of  the  pulmonary  circulation.  He  described  his 
fiiidings  with  "extraordinary  clearness  and  accuracy.  But  so  little  did  he  think 
of  the  discovery,  of  so  trifling  importance  did  it  appear  in  comparison  with  the 
great  task  in  hand  of  restoring  Christianity,  that  he  used  it  simply  as  an 
illustration  when  discussing  the  natm'e  of  the  Holy  Spirit  in  his  woik  Christi- 
anismi  Restitutio"  (20j. 

2.  There  are  powerful  socio-psychological  phenomena  in  back  of  seeming 
coincidences  of  simultaneous  discovery  of  a  law  of  nature  by  independent  in- 
vestigators who  at  times  do  not  even  know  of  each  others'  existence.  It  would 
appear  that  at  a  given  time  in  history  a  scientific  truth  "wants  out."  This  may 
be  based  on  a  whole  gamut  of  cultural  and  emotional  attitudes,  developments 
and  constellations  which  comprise  the  Zeitgeist.  It  has  been  said  that  even 
though  there  may  be  no  awareness  whatever  of  the  spirit  of  the  times  in  a 
creative  individual,  what  matters  is  the  fact  that  he  is  "subject  to  it."  Once 
this  push  toward  a  new  position  in  science,  literature  or  the  arts  has  resulted 
in  explosive  creative  advances  and  discoveries,  their  repeated  verbalization 
"becomes  a  new  visible  and  living  cultural  force"  (21)  while  their  wholesale 
acceptance  leads  to  many  imitators.  We  may  compare  this  latter  phenomenon 
to  an  observation  of  psychotherapy:  a  correct  interpretation  may  provoke  a 
flood  of  confirmatory  associations  in  the  patient. 

A  most  revealing  statement  made  by  Freud  in  his  autobiographical  study 
illustrates  the  point:  "While  I  was  writing  my  history  of  the  psychoanalytic 
movement  in  1914,  there  recurred  to  my  mind  some  remarks  that  had  been 
made  to  me  by  Breuer,  Charcot,  and  Chrobak,  which  might  have  led  me  to 
this  discovery  earlier  but  at  the  time  I  heard  them  I  did  not  understand  what 
these  authorities  meant;  indeed,  they  had  told  me  more  than  they  knew  them- 
selves or  were  prepared  to  defend.  What  I  heard  from  them  lay  dormant 
and  inactive  in  me,  until  the  chance  of  my  cathartic  experiments  brought  it  out 
as  an  apparently  original  discovery.  Nor  was  I  then  aware  that  in  deriving 
hysteria  from  sexuality  I  was  going  back  to  the  very  beginnings  of  medicine 
and  following  up  a  thought  of  Plato's"  (22) . 

What  makes  a  good  physician?  An  aptitude  for  scientific  research,  a  logical 
mind,  a  good  grasp  of  scientific  methodology  and  complete  integrity  as  a 
researcher?  All  of  these  are  important,  but  they  are  not  enough.  Attitude  is 
even  more  important  than  encyclopedic  knowledge  and  diagnostic  skill.  To 
speak  and  not  merely  to  listen  to  his  patients  in  a  meaningful  way  and  to 
understand  some  of  the  complexities  of  the  doctor-patient  relationship  is 
equally  important.  The  doctor  will  then  be  able  to  become  exposed  to  his  pa- 
tients' emotional  problems  "without  being  affected  by  their  upset  and  without 
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j^fiu'ratiiiii  (listurl)iny;  anxictic?;  witliin  liinisclf"  (2).  The  y;reater  his  ability  to 
examine  himself  and  to  become  aware  of  his  own  motivations  and  reactions, 
the  better  his  chances  to  be  attuneil  ami  res|)()nsi\-e  to  his  patients'  overall 
ne(Hls. 
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A  Layman's  Observa lions  of  Doctors 


GERALD  DUNCAN 
New  York,  N.  Y. 

We — a  family  of  three — are  fussy  about  doctors. 

This  is  so  because  of  awareness  of  tiie  irreparable  might-have-been  after 
jolting  experiences. 

Item:  I  was  in  an  accident  and  suffered  a  basal  skull  fracture — seven 
bloody  spinal  taps,  Weber's  syndrome,  papilledema.  I  was  a  mess.  A  surgeon 
wanted  to  trepan.  A  neurologist  locked  up  the  saw  and  threw  away  the  key. 
I  left  the  hospital  with  one  bad  result — fallen  arches. 

Item:  My  wife  was  working  too  hard,  and  the  topside  gears  suddenly 
jammed.  I  insisted  upon  hearing  the  frightening  possibilities:  paranoia,  schizo- 
phrenia and  related  psychoses.  Psychiatrist  A  (and  others)  proposed  a  state 
institution.  Psychiatrist  B  (and  others)  urged  a  nursing  home.  All  the  prog- 
noses were  dismal.  The  pressure  for  confinement  was  powerful.  I  consulted 
psychiatrist  C.  He  arranged  for  hospitalization,  ordered  tranquilizers,  advised 
patience.  The  combination  worked.  In  a  few  weeks  I  took  her  to  Honduras 
on  a  banana  boat  to  change  the  scene,  to  substitute  new  ideas  for  old  appre- 
hensions. We  have  a  very  happy  home. 

Item:  Our  daughter  had  a  congenital  strabismus  in  one  eye.  When  she  was 
eight  we  consulted  ophthalmologist  A.  He  used  the  $64  words  of  the  medical 
dictionaries,  lent  us  a  book  with  $98  words  and  recommended  surgery,  which 
he  described  as  certain  and  corrective.  Then  he  sent  a  contract  requiring  par- 
tial payment  before  he  lifted  a  scalpel.  In  our  concern,  we  agreed.  Then,  only 
then,  he  operated.  When  the  bandages  were  removed,  our  daughter  was 
walleyed.  There  had  been  too  much  of  this,  too  little  of  that,  he  said,  and  he 
would  have  to  cut  again — for  a  duplicate  fee.  We  didn't  spin  the  plate  with 
him  again.  We  went  to  ophthalmologist  B.  He  examined,  tested,  talked  in- 
formatively. In  a  year  he  operated.  Today  our  daughter's  eyes  are  quite 
pleasing  to  the  eyes  of  others. 

These  were  awakening  lessons,  corroborated  by  other  happenings  over  the 
years.  The  health,  the  happiness,  perhaps  the  lives  of  each  of  us  had  been  at 
stake.  Why?  Because  education  was  incomplete.  Or  judgment  was  poor.  Or 
empathy  blinded.  Or  the  fingers  of  skill  blunted.  Or  misfits  were  in  control. 

Men  of  medicine  were  the  vital  factors  in  all  these  incidents  in  which 
blight  brushed  three  lives.  And  men  of  medicine  were  the  rescuers,  repairing 
the  mistakes  of  their  colleagues. 

Suppose  there  had  been  no  appeal  from  the  decisions  of  the  inept.  Would  I 
be  cataloging  these  events — or  anything  anywhere — if  the  surgeon  had  hacked 
at  my  head?  Would  my  wife  be  nuzzling  in  my  arms  and  delighting  my  palate 
and  nudging  my  l)rain  cells  if  she  had  been  committed  to  an  institution? 
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W'mild  our  (lau>;litcr  be  a  superior  student  and  the  i)oi)uhir  companion  of  her 
classmates  if  she  had  been  condemned  to  being  a  walleyed  kid? 
The  answer  to  each  is  probably  no. 

This  is  scarcely  a  news  flash — that  all  these  doctors,  the  wrong  and  the  right, 
were  schooled  in  the  same  principles,  privy  to  the  same  information,  sworn  to 
the  same  oath,  licensed  under  the  same  requirements. 

Why,  then,  the  vast  range  of  difference  in  their  capabilities?  Because  they 
are  human  beings. 

A  host  of  doctors  forget  that,  if  they  ever  acknowledged  it.  Medicine  has 
been  cloaked  in  mysticism  and  mumbo  jumbo  for  ages,  and  many  physicians 
preen  in  the  trappings.  Ten  times  as  many  laymen  find  comfort  in  the  delu- 
sion, preferring  to  believe  the  profession  omniscient. 

It  isn't.  And  it  has  an  extraordinary  obligation.  But  doctors  are  human 
beings,  subject  to  the  frailties  of  the  species.  80  what  does  one  do  when  in  the 
market  for  a  doctor?  One  shops. 

Unhappily,  the  task  is  not  as  simple  as  ordering  a  dry  martini.  What  we — 
my  family  and  I — want  are  doctors  of  competence,  conscience,  consideration, 
prudence  and  educated  audacity.  These  attributes  are  all  plus,  of  course,  a 
dash  of  humor,  the  priceless  ingredient  of  any  human  mixture. 

Happily,  we  have  what  we  want.  But  we  didn't  come  by  them  easily.  We  had 
the  good  fortune  to  have  the  right  man  nearby  when  the  w-rong  man 
blundered.  We  had  the  good  sense  to  profit  by  experience,  to  learn  that  I\I.D. 
is  not  synonymous  with  magic,  to  seek  advice,  to  examine  credentials,  to 
proceed  with  caution.  We  had  the  advantage  of  being  in  one  of  the  world's 
great  medical  centers  to  make  our  choices.  We  had  the  price  to  pay. 

The  money  wasn't  always  available.  It  wasn't  asked,  expected,  or  offered 
when  I  lay  comatose,  my  spine  punctured  to  relieve  pressure,  my  veins 
pierced  to  receive  caffeine,  my  intestines  squeezed  with  Epsom  salts.  My 
second  gift  of  life  was  free — and  also  my  education  in  the  ease  with  which  a 
patient  might  slip  to  death  on  one  doctor's  word,  or  live  on  another's. 

It  happened  in  Bellevue  Hospital,  where  I  was  sent  only  because  a  vigilant 
physician  saw  a  trickle  of  blood  in  an  ear  and  suspected  a  head  injury.  A 
surgeon  w\anted  to  operate.  The  late,  great  Foster  Kennedy  stayed  his  hand. 

The  night  before  I  was  to  be  released,  after  seven  weeks.  Dr.  Kennedy  stood 
at  my  bedside  with  a  train  or  five  or  six  students. 

"Well,  we  didn't  cut,"  he  said,  "and  the  prognosis  is  good.  We'll  never  know 
what  would  have  happened  if  we  had  operated.  We  do  know  what  happened 
when  we  didn't." 

And  I  know  and  shall  never  forget. 

I  hadn't  given  much  thought  to  the  difference  in  doctors  before  that,  prob- 
ably because  I'd  had  no  serious  illness  or  injury.  Then  I  undertook  a  survey 
in  contrasts:  Dr.  Wrong  versus  Dr.  Right. 

Item:  The  symptom  was  a  rash  on  the  personal  equipment  most  cherished 
by  a  man.  It  was  a  terrifying  manifestation  to  someone  with  a  little  informa- 
tion— and  on  a  Sunday.  There  was  much  reading  of  an  encyclopedia  and  a 
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treatise  on  venereal  disease.  Lyin])li  <2;laii(ls  tender  and  swollen?  Of  couisc.  The 
niglit  was  \on^,  sleejiless  and  l)edevile(l. 

Wrong  licai'd  the  story  the  next  morning,  lie  (histcd  inihlx'r  gloves, 
carefully  fitted  them,  gingerly  handled  the  member.  His  mannei'  was  cold,  his 
movements  hesitant,  his  words  alarming:  "It  looks  suspicious.  You  need  a 
specialist." 

Dr.  Right  was  a  busy  dermatologist.  The  hour  and  a  half  wait  was  torture. 
What  was  on  the  pages  of  those  magazines  in  his  waiting  room? 

"Well,  let's  look  at  it,"  he  said  at  last. 

He  took  it  in  his  bare  hands. 

"H  that's  syphilis,"  he  said,  "I'll  treat  you  free." 

He  reached  for  a  book,  thumbed  through  it  and  showed  a  color  plate. 

"This  is  what  you  have,"  he  said.  "It's  a  cold  sore,  the  same  as  on  the  lips." 

He  made  a  smear,  went  to  another  room  and  beckoned:  "Here's  a  slide 
of  your  smear,"  pointing  to  a  microscope,  "and  here's  a  slide  of  a  spirochete." 

This  was  a  man  who  knew  what  he  was  talking  about,  and  knew^  how  to 
say  what  he  knew. 

To  confirm  his  judgment,  he  took  blood  samples  for  analysis. 

Item:  The  symptoms  were  nervousness,  insomnia  and  backache.  The  patient 
explained  to  Dr.  Wrong. 

"It's  probably  menopause,"  he  said. 

"But  I'm  only  thirty-seven,"  she  said. 

"That  doesn't  make  any  difference,  it  can  be  at  any  age,"  he  said. 

She  left  his  office  in  tears.  From  him,  no  help,  only  new  worry. 

All  right,  so  there's  no  timetable^  for  menopause.  But  is  a  doctor  privileged 
to  offer  a  blunt,  devastating  ojiinion  based  on  superficial  information?  Perhaps. 
A  doctor  is  a  human  being. 

But  so  is  Dr.  Right.  He  listened  sympathetically  to  the  patient's  story.  He 
made  a  physical  examination.  He  prescribed  a  tranquilizer.  His  conclusion: 
"Forget  it.  Eat  well.  Don't  stay  up  too  late.  There's  no  evidence  of  menojiause 
and  don't  worry  about  it." 

There  have  been  other  distressing  incidents  with  doctors.  But  they  have 
served  as  warnings,  leading  to  discovery  of  the  right  doctors,  and  I  like  to 
think  of  those  who  have  taken  the  time  and  had  the  interest  to  give  a  straight 
answ^er  to  a  question,  or  make  a  point  with  drollery.  These  are  things  a  pa- 
tient remembers,  such  as: 

On  overweight:  "All  food  is  good,  just  don't  eat  too  much  of  it.  Take  off 
five  fiounds  now,  and  you  won't  have  to  worry  about  twenty-five  later." 

On  whether  a  forty-year-old  should  bother  with  inoculation  against  polio: 
"If  a  bug  comes  and  sits  at  the  foot  of  your  bed,  it  doesn't  ask  your  age." 

On  the  advisability  of  sex  during  recuperation  from  a  head  injury:  "Just 
don't  screw  your  head  off." 

On  the  long  period  of  recovery  from  a  severe  foot  injury:  "There  is  nothing 
more  I  can  do.  Cells  have  to  build.  Remember,  it  takes  nine  months  to  make  a 
baby,  and  there's  no  way  to  hurry  the  process." 
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On  \it;iiiiiiis:  ■■Auu'ricans  sjii'iid  niilliuns  of  dollars^  every  year  on  vitamins, 
and  most  of  the  money  is  a  waste.  The  best  food  in  the  world  is  available  to 
us,  and  it  has  everything  we  need  for  good  health." 

On  imi)aired  vision:  "She'll  never  have  fusion,  so  she  can't  pilot  a  i)lane  or 
become  a  tennis  star.  So?" 

On  the  prognosis  after  a  siege  of  ner^■ous  exhaustion:  "All  you  need  now  is 
TLC."  "TLC?"  "Tender  loving  care." 

It  is  axiomatic  that  a  doctor,  by  instinct  and  training,  has  much  to  con- 
tribute to  human  need.  But  his  jiotential  extends  far  beyond  mastery  of  Gray's 
Anatomy  and  acquaintance  with  the  products  of  the  pharmaceutical  houses. 
He  can  be  friend  and  counselor,  the  Voice  of  Wisdom,  and  St.  George  against 
the  dragons  of  insecurity. 

For  application  of  these  roles  to  the  individual  patient,  he  must  know  the 
whole  person.  That,  to  my  way  of  thinking,  is  paramount  for  maximum  suc- 
cess in  his  ministrations:  to  know  whether  drinking  is  a  problem,  or  smoking  is 
a  problem,  or  sex  is  a  jiroblem,  or  money  is  a  problem,  or  work,  or  play,  or 
the  relationshiji  of  one  family  member  to  another. 

Our  doctors  cjualify,  and  when  we  go  to  them,  we  go  with  confidence. 

Our  twelve-year-old  daughter  epitomized  our  feeling  not  long  ago  when  we 
were  vacationing  in  the  Caribbean.  She  developed  a  painful  ear  infection,  and 
the  local  doctor  prescribed  antibiotic  drops,  which  we  learned  later  were  contra- 
indicated.  The  ache  increased  and  she  was  in  great  discomfort.  After  three  or 
four  days,  she  said:  "Can't  we  go  home  to  our  own  doctors?" 

We  could  and  we  did,  because  what  she  was  saying  was  that  she  had  faith  in 
our  doctors,  which  is  what  man  needs  in  a  doctor,  which  is  what  man  needs 
in  all  his  human  relationships. 
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PAUL  KLEMPERER 
1887-1964 

It  is  not  an  easy  task  to  pronounce  the  eulogy  of  a  revered  teacher.  Yet  if  the 
result  is  to  be  truly  worthy  of  its  subject,  it  must  he  given  as  dispassionately 
and  objectively  as  human  frailty  permits.  And  an  objective  statement  is  un- 
questionably what  Dr.  Paul  Kleinperer  would  have  preferred. 

In  addition  to  the  emotional  relation  which  prevails  between  pupil  and 
teachei'  there  are  what  might  be  called  the  peculiarities  of  perspective.  The 
junior  assistant  at  the  age  of  twenty-seven  is  assigned  to  the  distinguished 
scientist  who  has  reached  the  awesome  age  of  forty-six  and  carries  the  orb  and 
scepter  of  scientific  eminence. 

In  later  years  the  perspective  changes.  Carried  away  to  other  cities  and 
other  countries  and  immersed  in  the  complex  w'orld  outside  the  laboratory, 
the  discii)le  discovers  with  astonishment  that  his  work  is  still  watched — criti- 
cally and  appreciatively  and  is  endlessly  encouraged. 

The  {passage  of  additional  decades  brings  a  new  phase  and  a  new  perspec- 
tive. The  elderly  scholar,  happy  in  his  retirement,  has  devoted  himself  at 
last  to  the  study  of  basic  philosophical  princij)les.  He  still  finds  time  for  his 
middle-aged  disciple  and  in  the  seclusion  of  the  library  they  discuss  their 
research  and  debate  moral  problems.  Time  has  changed  their  relation,  en- 
riching, strengthening  and  deei)ening  it. 

If  a  man  in  his  time  has  played  many  parts,  men  in  their  times  come  to  ob- 
serve and  appreciate  many  different  aspects  of  those  with  whom  they  have 
been  associated.  It  is  for  this  reason  that  a  man  of  large  dimensions  must  have 
more  than  one  eulogist. 

The  aspect  of  Dr.  Klemperer  which  most  often  came  to  the  fore  during  the 
three  decades  of  our  acquaintance  was  that  of  the  scholar — the  patient,  me- 
ticulous, discriminating,  unprejudiced  analyst — who  applied  the  riches  of  his 
mind  at  first  to  anatomical  problems  and  later,  with  equal  ability,  to  wider 
issues. 

But  scholarship,  even  when  qualitatively  unimpeacliable,  has  been  known 
at  times  to  be  afflicted  with  the  vices  of  triviality  and  irrelevance.  It  was  here 
that  another  of  Dr.  Klcmpcrer's  excellent  traits  flashed  forth.  He  constantly 
tended  toward  basic  j)rinciples,  attempting  to  plumb  the  depth  of  each  ocean 
that  he  traversed  and  charted. 

This  tendency  toward  profundity  is  well  known  to  those  who  observed  the 
steady  progress  which  he  made  in  the  study  of  the  diseases  of  collagen.  It  also 
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cx])lains  h\s  attitude  towaiil  pat li<)l<)<!;y  as  a  whole  and  it  likewise  (iesn'il)es  his 
work  as  a  iiie(Hcal  historian, 

lie  t\'h  that  |)at h()h).>z;y  is  the  hasic  (hsci|iliiie  of  iiie(|iciiie  and  hence  olTei's 
tlie  tridy  fuiKhunental  ajjpi'oach  to  the  understan(Hn<!;  of  disease.  But  a  lifetime 
of  lahoratoi'V  ohsei'vation  had  convinced  him  that  in  oi'der  to  undei'stand 
patholoji;y  in  all  its  de|)th  it  was  necessai'y  to  understand  the  nature  of  our 
conce])ts  and  this  could  only  \)v  acliieved  by  a  careful  study  of  their  develop- 
ment since  classical  antifiuity.  Thus  the  search  for  understanding^  brought  liim 
at  last  to  the  history  of  medicine,  which  he  viewed  as  pi'edominantly  the  study 
of  the  development  of  ideas.  In  tliis  field  he  achieved  and  published  enough  to 
convince  oljservers  that  his  opus  magninii.  if  he  should  complete  it,  would  be  a 
masterpiece. 

Living  as  we  do  in  an  era  when  our  circumstances,  conditions,  and  habits 
ari'  more  and  more  altered  by  the  increasing  power  of  machines,  we  have  all 
had  occasion  to  reflect  that  although  machines  are  increasingly  imitative  of 
the  lunuan  intellect,  there  yet  remains  an  important  area  in  which  they  do  not 
threaten  our  primacy.  This  is  tlie  realm  of  what  we  designate  as  our  distinc- 
tive humanity.  And  this  is  the  area  in  which  Dr.  Klempercr's  excellence  shone 
at  its  brightest.  Sensitive  and  alert  but  not  sentimental,  he  constantly  sought  to 
preserve  the  human  and  humane  element  in  complex  situations  where  men 
might  be  lost  in  the  turmoil  of  their  own  institutions.  Surely  this  is  why  kind- 
ness as  well  as  intelligence  radiates  from  every  one  of  his  photographs. 
And  this  is  why  we  not  only  think  well  of  Dr.  Klemperer  but  also  feel 
strongly  toward  his  memory. 

He  was  a  large  man  in  every  spiritual  dimension.  Let  future  generations  pro- 
duce his  equal  if  they  can. 

Saul  Jarcho,  M.D. 
for  the 
Editorial  Board 


ELI  MOSCHCOWITZ,  M.D. 
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VAA  MOSCHCOW  ITZ 
1879-1964 

On  the  morning  of  February  23,  1964,  with  the  strains  of  his  favorite  music 
echoing  softly  in  his  room,  the  life  of  a  beloved  friend  and  colleague  (juietly 
sli])ped  away.  For  over  sixty  years  Eli  Moschcowitz  was  intimately  identified 
with  The  Mount  Sinai  Hospital  and  the  loss  of  one  who  labored  so  diligently  in 
its  behalf,  and  who  did  so  much  to  enhance  its  reputation,  will  be  irreplaceable. 

Despite  his  growing  weakness  in  his  advancing  years,  he  had  maintained  his 
keen  interest  in  ministering  to  his  patients  to  the  day  before  he  died.  His  re- 
markable zest  for  living  had  carried  him  so  successfully  through  fourscore  and 
four  years  of  life  that  he  was  also  planning  his  annual  trip  to  some  foreign 
hind.  Those  who  mourn  his  passing  are  grateful  for  the  sparkling  memories  of 
those  years  he  shared  so  wholeheartedly  with  us  all. 

Eli  was  born  in  the  tiny  village  of  Giralt,  Hungary,  in  1879.  At  the  age  of 
two  he  emigrated  with  his  family  to  the  United  States.  His  older  brother, 
Alexis,  whom  he  revered,  imquestionably  exerted  a  most  profound  influence 
upon  his  life.  This  dynamic  surgeon-brother  acted  in  loco  parentis  and  guided 
the  youthful  Eli's  steps  toward  the  medical  career  in  which  he  found  such  ful- 
fillment and  wliich  he  so  enriched.  He  was  graduated  from  the  College  of 
Physicians  and  Surgeons  in  1900.  He  completed  a  surgical  internship  at 
Mount  Sinai  Hospital  in  1903  and,  as  was  customary  in  those  days,  then 
journeyed  to  Berlin  for  postgraduate  study.  There  he  worked  with  Ludwig  Pick, 
an  eminent  pathologist.  This  training  did  much  to  fashion  his  career  as  it  was 
in  the  laboratory  that  he  was  able  to  find  verification  for  the  keen  observa- 
tions his  great  clinical  sense  afforded  him.  I  do  not  believe  that  he  ever  seri- 
ously thought  of  pursuing  surgery  as  his  life's  work  but  he  always  spoke  in 
glowing  terms  of  his  training  at  the  hands  of  that  "giant"  surgeon  and  intel- 
lect, Arpad  Gerster. 

Upon  his  return  to  America,  he  was  thus  equipped  to  become  pathologist  to 
the  Beth  Israel  Hospital,  a  ]:)osition  he  held  for  twenty  years  until  the  press  of 
practice  and  his  appointment  to  the  visiting  staff  of  Mount  Sinai  made  it  im- 
possible for  him  to  continue  in  this  capacity.  However,  he  remained  there  as 
Consulting  Pathologist. 

It  was  during  his  tenure  at  the  Beth  Israel  Hospital  that  he  described  the 
clinical  and  pathological  features  of  a  case  of  "Acute  Febrile  Pleomorphic 
Anemia  with  Hyaline  Thrombosis  of  Arterial  Capillaries,  an  Hitherto  Unde- 
scribed  Disease."  It  has  since  been  called  Moschcowitz's  Disease  although  at 
the  present  time  it  is  often  referred  to  as  thrombotic  thrombocytopenic  pur- 
pura. This  established  him  as  a  keen  observer  and  his  communication  merited 
an  editorial  in  the  Journal  of  the  American  Medical  Association. 
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It  followed  only  natui-ally  that  in  192U  Uv  was  appointed  to  the  visiting 
staff  of  oui'  Hospital  and  in  1925  became  Associate  Pliysician.  He  was  ap- 
jiointed  I'liysician  to  the  Hosjiital  in  1941,  a  post  he  filled  so  al)ly  until  retire- 
ment in  1944  when  he  hecame  Consulting  I'liysician. 

Dr..  Mosehcowitz  was  a  scholarly  chief,  teacher  and  guiding  spirit.  The  house 
staff  was  indoctrinated  with  the  finest  in  medicine.  He  was  always  willing  to 
share  his  creative  thinking  and  to  provide  opjiortunities  for  his  staff.  He  never 
stooped  to  clinical  showmanship  hut  his  erudition  and  vast  knowledge  of  the 
literature  made  him  an  outstanding  diagnostician  and  his  judgments  were  im- 
peccable. 

Eighty-odd  publications,  some  unique,  all  meritorious,  comprised  a  bibli- 
ography published  in  1945  in  connection  with  a  "Festschrift,"  marking  his 
retirement  from  active  hospital  service.  There  was  no  field  of  medicine  his  work 
did  not  exi:)lore.  His  articles  were  written  with  discernment  and  bore  the  stamp 
of  indefatigible  hard  work.  "He  touched  nothing  he  did  not  adorn." 

It  would  be  jiresumptuous  for  me  to  evaluate  or  give  precedence  in  imi)or- 
tance  to  the  many  articles  he  penned.  But  there  is  little  c|uestion  that  his  work 
on  vascular  sclerosis  with  particular  reference  to  intravascular  tension  as  a 
biological  factor  in  the  causation  of  blood  vessel  disease,  pointing  out  as  he  did 
venous  sclerosis  in  hypertension  of  the  lesser  circulation,  will  constitute  a  monu- 
ment to  his  logical  deductive  reasoning,  reinforced  as  it  was  by  meticulous,  de- 
tailed pathological  study  of  autopsy  material. 

He  published  the  first  Mount  Sinai  Monograph  in  1948,  titled  Biology  of 
Disease,  comprising  twenty-four  chapters,  each  covei'ing  a  disease  entity  seem- 
ingly dissimilar  but  emphasizing  that  "many  diseases  are  not  sharply  defined 
genera  but  transitions  of  morbid  states  from  one  to  another." 

He  was  a  pioneer  in  drawing  attention  to  the  influence  of  the  psyche  in  ini- 
tiating, influencing  and  perpetuating  disease  states.  In  his  article,  "Psycho- 
somatic Medicine,"  he  early  drew  attention  to  Graves's  Disease  and  ulcerative 
colitis  as  prototypic  and  closed  his  article  expressing  the  hope  that  in  hospitals 
"People  should  be  treated  and  not  diseases." 

In  1945  Eli  became  Director  of  Medicine  Emeritus.  Yet  he  remained  the 
busy  pi'actitioner  and  consultant  with  even  broader  scientific  interests.  Each 
afternoon  was  spent  in  the  laboratory  with  his  close  friends  and  colleagues, 
Dr.  Otani  and  the  late  Dr.  Klemperer,  searching  for  the  verities  and  writing 
just  as  prolifically  as  ever.  His  enthusiasm  knew  no  bounds  and  his  enjoyment 
of  work  seemed  to  add  years  to  his  life  and  put  life  in  his  years. 

His  interest  and  devotion  to  the  laboratory  in  no  way  detracted  from  his 
deep  concern  for  human  beings  and  his  patients  were  devoted  to  him.  He  was 
their  confidant,  teacher  and  counselor.  As  he  so  aptly  put  it,  "Doctors  must 
teach  people  how  to  live  as  well  as  how  not  to  die."  In  the  lives  of  his  patients, 
he  will  be  irreplaceable. 

His  love  for  The  Mount  Sinai  Hospital  was  enduring  and  pervaded  every 
fiber  of  his  being.  He  entered  into  every  activity  that  promoted  the  Hospital's 
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rt'i)utiition  with  verve  and  gusto,  lie  worked  industriously  in  the  luodei'iiization 
of  the  Jacobi  Library  and  was  active  in  its  behalf  until  his  demise. 

So  much  for  the  factual  outline  of  Eli  Moschcowitz's  outstanding  career. 
But  his  medical  accomplishments  are  as  nothing  compared  to  the  human  qual- 
ities he  shared  so  graciously  with  his  many  friends.  His  great  sense  of  luunor, 
never  employed  at  the  expense  of  any  person,  but  always  benign;  his  wide  fund 
of  knowledge  given  without  showmanship;  his  pixyness  which  endeared  liim  to 
childi'en  and  whom  he,  in  turn,  loved,  was  genuine  and  sincere. 

lie  embraced  the  humanities  and  the  arts  in  all  their  variegated  forms.  His 
l)ook  collections  and  prints  afforded  him  tremendous  enjoyment  and  he  liked 
nothing  better  than  displaying  his  collection  and  autographs  to  visitors.  It  was 
a  privilege  to  have  traveled  with  him  for  he  was  a  guide  par  excellence. 

It  will  be  difficult  to  walk  the  halls  of  this  Hospital  without  believing  that 
he  will  appear  as  of  yore,  giving  us  his  inimitable  evanescent  handshake.  Eli 
will  long  be  missed  and  truly  moui'necl. 

Percy  Klingenstein,  M.D. 
for  the 
Editorial  Board 


A  Siihslan<'e  Obtained  from  a  Staphylococcus  Which 
Rapidly  Enhances  Resistance  to  Infection 

I.  Observations  with  Staphylococcal  and  E. 
coh  Infections 

ALFRED  L.  FLORMAN,  M.D.,  EUGENE  AINBENDER,  M.D.,  HELEN  D.  ZEPP,  A.B., 
HORACE  L.  HODES,  M.D.,  and  GERTRUDE  H.  LAMBERTSON,  A.B. 

New  York,  N.  Y. 
INTRODUCTION 

Resistance  to  infection  is  a  resultant  of  many  factors.  Some  of  these  factors 
are  species-specific  hut  many  are  shared  by  a  great  many  animal  species. 
Some  resistance  factors  are  effective  against  a  specific  infectious  agent  only, 
while  others  play  a  nonspecific  role  in  the  general  resistance  to  a  variety  of 
pathogenic  organisms.  A  number  of  substances  which  possess  no  direct  anti- 
microbial power  are  known  to  enhance  nonspecific  resistance  to  infection.  A 
better  understanding  of  "natural  resistance"  might  be  expected  to  result  from 
the  study  of  these  resistance-enhancing  substances.  Endotoxins  have  been 
sliown  to  have  resistance-enhancing  properties,  but  they  have  other  properties 
which  include  the  production  of  fever,  changes  in  white  blood  cells  and  in  blood 
vessels.  These  "side  effects"  may  interfere  with  an  understanding  of  some  of 
the  basic  mechanisms  by  which  endotoxins  enhance  resistance  to  infection. 
Consequently,  efforts  have  been  made  to  chemically  modify  endotoxins  to  dis- 
sociate their  biological  effects  (1). 

This  communication  is  a  report  of  studies  made  with  a  substance  extracted 
from  a  strain  of  Staphylococcus  aureus.  We  have  found  that  this  staphylo- 
coccal extract  (SE)  has  resistance-enhancing  activity  similar  to  that  of  endo- 
toxins, but  it  has  none  of  the  toxic  properties  of  endotoxins. 

In  an  earlier  paper  (2)  we  reported  that  within  twenty  hours  after  receiving 
SE  intra-abdominally,  adult  and  suckling  mice  were  protected  against  lethal 
infection  with  homologous  and  heterologous  strains  of  staphylococci  and  a 
toxigenic  strain  of  E.  coli.  It  was  found  that  it  made  little  difference  whether 
the  staphylococci  or  E.  coli  were  injected  intra-abdominally  or  intracerebrally, 
jiroving  that  the  protective  effect  elicited  by  SE  was  systemic  and  not  local. 
However,  selection  of  the  proper  dilution  of  challenging  organisms  was  critical. 
If  the  challenge  dose  of  bacteria  was  too  large,  the  protective  effect  was  ob- 
scured. The  protective  activity  of  SE  could  best  be  observed  if  the  effect  of  the 
highest  dilution  of  organisms  which  killed  more  than  50  per  cent  of  the  control 
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mice  was  studied.  In  ull  cxpcriinciils  SL]  was  made  iroiii  the  Haitlett  strain  of 
Staphylococcus  aureus  (2),  and  in  most  experiments  llie  animals  were  chal- 
lenged with  this  organism.  However,  in  three  experiments  other  bacteria  were 
used  as  challenge  organisms.  These  were  the  "H"  and  "Oiorgio"  strains  of 
Staphylococcus  aureus  and  a  strain  of  K.  eoli  ()1I1:B4.  'I'he  results  showed 
that  the  enhancement  of  resistance  was  not  limited  to  the  organism  from  whicli 
the  SE  was  obtained.  We  also  showed  that  the  protective  effect  against  staph- 
ylococcal challenge  was  unrelated  to  the  size  and  age  of  the  mice. 

In  the  experiments  to  be  presented  here  the  work  noted  above  was  extended 
chiefly  by  using  rabbits  which  were  challenged  with  staphylococci  and  large 
numbers  of  suckling  mice  which  weie  challenged  with  Staphylococcus  aureus 
or  E.  coli.  An  additional  aim  was  to  investigate  the  physical,  chemical  and 
pharmacological  nature  of  the  resistance-enhancing  factor  in  the  staphylococ- 
cal extract. 

MATERIALS  AND  METHODS 

Animals 

The  rabbits  were  New  Zealand  albinos  and  weighed  2  to  3  kilograms  each. 
They  were  obtained  from  Rockland  Farms. 

The  suckling  mice  were  all  of  the  Swiss  CFW  strain.  They  were  2  to  4  days 
old  and  each  weighed  approximately  1  gram.  They  were  kept  in  groups  of  5  to 
8  with  a  mother  in  a  single  glass  jai'.  They  were  obtained  from  Carworth 
Farms. 

Bacteria 

Staphylococci — The  "Bartlett"  strain,  which  w'as  obtained  from  Dr.  David 
Rogers,  was  used  for  preparation  of  the  extract  and  for  challenge.  This  is  a 
coagulase  and  mannitol  positive  Staphylococcus  aureus.  It  is  resistant  to  peni- 
cillin and  its  bacteriophage  type  is  80-81. 

E.  coli — A  toxigenic  strain,  type  0111  :B4,  was  used. 

All  organisms  were  maintained  on  plain  agar  slants.  When  used  for  chal- 
lenging animals,  the  bacteria  were  grown  for  4  hours  at  37°C  in  trypticase  soy 
broth  and  then  0.1  ml  was  inoculated  into  40  ml  of  the  same  medium.  This  cul- 
ture was  incubated  for  18  hours  and  the  organisms  separated  by  centrifugation. 
They  were  suspended  in  sterile  saline,  and  the  concentration  determined  by 
plating  of  several  dilutions  on  blood  agar  plates. 

Staphylococcal  Extract  (SE) 

Centrifuge  tubes  containing  40  ml  of  ti'ypticase  soy  broth  were  each  inocu- 
lated with  0.1  ml  of  a  4  to  6  hour  culture  of  the  "Bartlett"  strain  of  staphylo- 
coccus. After  18  hours  of  incubation  at  37°C  the  culture  tubes  were  centri- 
fuged  and  the  sediniented  bacteria  discarded.  The  supernate  from  each  tube 
was  acidified  by  the  addition  of  0.5  ml  of  glacial  acetic  acid,  giving  a  final 
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concentration  of  l.oM  acetic  acid.  The  acidified  supei-nates  were  then  boiled 
over  a  hot  plate  until  they  were  reduced  to  approximately  1/40  of  their 
original  ^•olume.  The  concentrates  were  filtered  through  glass  wool  and  pooled. 
The  filtrate  was  added  dropwise  to  7  volumes  of  95  per  cent  ethyl  alcohol.  The 
precipitate  was  collected  by  centrifugation  and  dried  under  a  vacuum.  At 
first  it  was  stored  in  this  state  at  4°C.  However,  after  it  was  determined  that 
the  resistance-enhancing  factor  was  not  destroyed  by  lyophilization  (see  text) , 
it  was  stored  in  the  lyophilized  state.  It  was  reconstituted  by  the  addition  of 
distilled  water. 

Experimental  Disease  in  Suckling  Mice 

An  infection  which  usually  resulted  in  death  between  8  and  24  hours  was 
produced  by  injecting  suckling  mice  intra-abdominally  with  carefully  deter- 
mined numbers  of  Staphylococcus  aureus  or  E.  coli.  When  staphylococci  were 
used,  the  inoculum  was  0.03  ml  of  a  mixture  of  equal  parts  of  saline  suspen- 
sion of  organisms  and  0.5  per  cent  Triton  X-100.  Triton  X-100  is  a  substance 
which  is  nontoxic  in  this  concentration  and  produces  a  mucinlike  enhancement 
of  virulence  (3).  The  number  of  staphylococci  uniformly  required  to  kill  more 
than  50  per  cent  of  the  mice  was  2  X  10'.  When  E.  coli  were  used  no  Triton 
X-100  was  required.  The  effective  dose  of  E.  coli  organisms  was  3  X  10',  con- 
tained in  a  volume  of  0.03  ml.  Animals  dying  before  8  hours  were  not  considered 
in  the  evaluation  of  the  experiment.  Experiments  were  terminated  at  one  week. 

Experimental  Disease  in  Rabbits 

A  staphylococcal  disease  was  produced  by  inoculating  rabbits  intravenously 
with  2  ml  of  a  saline  suspension  containing  2  X  10^  staphylococci.  This  re- 
sulted in  death  within  a  four-week  period  of  two-thirds  of  the  control  animals. 
Within  24  hours,  they  usually  developed  a  2  to  3  degree  elevation  in  tempera- 
ture which  persisted  for  as  long  as  10  days,  or  until  death  supervened.  Most  of 
the  animals  that  died  did  so  within  the  first  week  of  disease.  During  their  ill- 
ness, the  rabbits  ate  little  and  often  lost  as  much  as  30  per  cent  of  their  weight. 
Experiments  were  terminated  after  four  weeks. 

Protection  Ex  peri  me  n  ts 

Animals  were  given  an  intra-abdominal  injection  of  either  staphylococcal 
extract  or  an  equal  volume  of  sterile  normal  saline.  Suckling  mice  were  given 
0.03  ml  and  rabbits  20  ml.  After  a  short  period,  usually  20  hours,  an  attempt 
was  made  to  produce  either  staphylococcal  or  E.  coli  disease.  The  results  were 
compared  and  analyzed  statistically  by  the  chi  square  method. 

RESULTS 

A.  Suckling  Mice 

Table  I  summarizes  the  results  of  representative  experiments  with  suckling 
mice  in  which  the  bacteria  used  for  challenge  were  either  Staphylococcus 
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aureus  or  E.  coli.  A  significant  cnlianoomcnt  of  resistance  to  infection  with 
both  of  these  organisms  is  deiiionsd'atcd  in  tlie  extract-ti'eated  sucklings.  This 
result  is  comparable  to  that  |)i('\-i()usly  shown  by  us  with  ailull  mice  (2l.  ( "on- 
se(|uently,  suckling  mice  were  used  in  all  subseciuent  mouse  j)i-()tection  experi- 
ments since  larger  numbers  of  these  animals  could  be  handled.  l<]kstedt  (4 1  has 
recently  shown  that  with  staphylococcal  infections  in  adult  mice  the  I'csults 
may  be  so  variai)le  that  gi'ou])s  of  at  least  lo  to  20  animals  must  i)e  used  for 
reliability. 

TABT.E  I 


Protective  Effect  of  Staph  ijlococcul  EUract  in  Hitctcliiuj  Mice 


Intra-abrlominal  Challenge 

Exp. 

Preliminary  Saline 
(.03  ml  IA») 

Preliminary  Crude  Extract 
(.03  ml  lA) 

No.  of  Mice 

Deaths 

Survivors 

No.  of  Mice 

Deaths 

Survivors 

2  X  10"  Staph.  +  Triton  X- 

1 

40 

27 

13 

48 

18 

30 

100 

2 

41 

32 

9 

35 

7 

28 

3 

37 

19 

18 

38 

4 

34 

Total 

118 

78 

40 

121 

29 

92 

40/118  or  34%  survivors 

92/121  or  76%  survivors 

=  42.89 

P 

=  <.001 

3  X  10'  E.  coli 

1 

35 

27 

8 

37 

13 

24 

2 

36 

18 

18 

36 

4 

32 

Total 

71 

45 

26 

73 

17 

56 

2fi/71  or  ZT^'o  survivors 

56/73  or  76*^^  survivors 

=  19.58 

p 

=  <0.001 

*  I A — intra-ahdoininally . 


B.  Rabbits 

In  order  to  learn  whether  the  protective  eft'ect  was  restricted  to  mice  a  few 
experiments  were  carried  out  in  which  adult  rabbits  were  given  a  preliminary 
intra-abdominal  injection  of  20  ml  of  extract  or  saline.  After  20  hours  they  were 
challenged  intravenously  with  staphylococci.  At  the  time  the  20  ml  of  extract 
seemed  to  be  a  convenient  amount,  but  subsequent  calculations  indicated  that 
on  a  proportionate  weight  basis  this  represented  only  about  the  amount 
given  to  the  mice.  There  were  a  total  of  21  rabbits  in  each  group.  At  the  end  of 
four  weeks  there  were  7  survivors  among  the  21  controls,  and  12  survivors 
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ninonji;  the  21  extract  ti'cati'd  ral)l)its.  These  minil)ers  are  too  small  to  be  sig- 
nificant. However,  when  autoi)sies  weic  done  in  28  consecutive  animals,  we 
(lid  gain  the  imjjression  that  the  I'elatively  small  amount  of  extract  had 
afforded  some  protection.  Animals  dying  within  the  first  24  hours  showed  no 
gross  patliology.  Those  dying  after  that  time  usually  showed  multiple  ab- 
scesses in  the  kidneys,  and  less  often  also  in  the  lungs  and  liver.  In  Tal)lc  II 
the  degree  of  pathology  in  the  rabbits  that  died  and  were  autopsied  is  roughly 
(luantified.  The  pathology  was  graded  plus  5  if  both  kidneys,  both  lungs  and 
the  liver  showed  abscesses.  It  was  plus  4  if  lesions  were  found  in  only  4  of  these 
organs,  plus  3  if  lesions  were  present  in  only  3,  etc.  There  were  10  deaths 
among  the  14  rabbits  in  this  control  group,  and  out  of  a  possible  50  pluses, 
there  were  34  (68%).  There  were  only  5  deaths  among  the  14  animals  in  this 
extract  treated  group,  and  out  of  a  possible  25  pluses,  there  were  only  4  (16%). 

C.  Coticcnfrdfion  and  Partial  Purification  of  the  Protective  Substance 

The  most  fruitful  method  so  far  for  concentration  and  partial  purification 
of  the  protective  substance  in  the  staphylococcal  extract  has  been  DEAE 

TABLE  II 


Protective  Effect  of  Staphylococcal  Extract  in  Adult  Rabbits 


Preliminary  Treatment 

No.  of  Rabbits 

Deaths 

Extent  of  Gross  Pathology 

P^xtract 

14 

5 

16%  (4/25)* 

Saline 

14 

10 

68%  (34/50)* 

Number  of  areas  actually  involved 
Number  of  possible  areas  for  involvement 


— Sephadex  chromatograpliy  using  a  stepwise  gradient  of  increasing  molarity 
and  decreasing  pH.  An  eluate  peak  was  obtained  w-hich  gave  good  enhance- 
ment of  resistance.  The  results  of  three  experiments  using  three  different  sam- 
ples of  this  peak  are  shown  in  Table  III.  As  can  be  seen  0.1  mg  of  this 
material  was  more  effective  than  1  mg  of  the  original.  Indeed  this  eluate  may 
be  even  more  than  10  times  as  effective,  but  we  have  not  yet  had  an  o])por- 
tunity  to  determine  the  limits  of  its  effectiveness. 

It  should  be  noted  also  that  the  crude  extract  sensitized  red  blood  cells  so 
that  they  were  agglutinated  by  sera  containing  antistaphylococcal  antibodies 
(5).  The  purified  material  did  not  have  this  i)roperty. 

D.  Physical  Properties  of  the  Protective  Substance 

The  extract  containing  the  protective  substance  is  light  brown  in  color.  It 
is  very  soluble  in  water  and  saline.  It  is  insoluble  in  alcohol,  ether,  acetone 
and  phenol.  Because  of  the  way  in  which  it  is  prepared — boiling  at  acid  pH 
— it  w-as  anticipated  that  it  would  be  quite  stable.  This  jiroved  to  be  the  case. 
It  withstood  storage  in  the  cold  for  one  week.  Treatment  of  the  extract  with 
ammonium  sulfate  so  that  there  was  75  jjer  cent  saturation  gave  a  precipitate 
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whicli  contained  most  of  the  rcsistanoc-cnlianfins  activity.  This  activity  was 
not  lost  l)y  dialysis  or  by  lyopliilization.  The  extract  was  decomposed  by  heat- 
ing at  193°C. 

Iv  Pv(  ii iiiintinj  Chcmlcdl  ('li<ir(tctcnz(iti()ii 

Dr.  Nathan  l^pstt'in  and  Mr.  George  Mayers  in  oiu-  laboratory  are  in- 
vestigating the  chemical  nature  of  the  active  fraction  they  obtained  for  us  by 
(•hi'omatography.  Their  work  to  date  suggests  that  the  active  material  is  a 
|)olysaccharide  or  a  mucopolysaccharide.  It  has  a  pentose,  a  hexosamine  and  a 
nitrogen-containing  gi'oup.  The  pentose  on  paper  chromatograpliy  migrates 
as  a  ril)itol.  This  suggests  that  the  substance  may  be  related  to  the  teiclioic 
acids  which  have  recently  been  reported  to  be  present  in  the  cell  wall  of 
Sta|)liyl(K'Occus  aureus  (6). 

TABLE  III 


Results  of  Testing  Es  tract  Purified  by  Chromatography*  in  Suckling  Mice 


Challenge 

Exp. 

Preliminary  Saline 
(.03  ml  lA) 

Preliminary  Chromato- 
graphic Peak  (approx.  0.1 
mg  lA) 

Preliminary  Crude 
E.\ tract  (appro.x.  1.0 
mg  lA) 

No.  of 
mice 

Deaths 

Survi- 
vors 

No.  of 
mice 

Deaths 

Survi- 
vors 

No.  of 
mice 

Deaths 

Survi- 
vors 

3  X  10"  E.  coli  Intra 

1 

30 

24 

6 

28 

7 

21 

24 

8 

16 

abdominallj' 

2 

26 

23 

3 

26 

8 

18 

26 

19 

7 

3 

25 

20 

5 

27 

0 

27 

25 

9 

16 

Total 

81 

67 

14 

81 

15 

66 

75 

36 

39 

14/81  or  17% 

66/81  or  81% 

39/75  or  52% 

survivors 

survivors 

survivors 

X- 

=  66. 

77 

X" 

=  20.92 

P 

=  <. 

001 

P 

=  <. 

001 

*  Chromatography  done  on  DEAE-Sephadex. 


F.  Pharmacological  Studies 

A  large  number  of  toxicity  studies  were  done  with  rabbits,  guinea  pigs,  and 
suckling  and  adult  mice.  A  mortality  rate  of  one  per  cent  was  encountered 
when  suckling  mice  were  injected  intra-abdominally  with  either  6  mg  of  crude 
extract  or  with  an  equal  volume  of  normal  saline.  In  guinea  pigs  repeated 
weekly  doses  of  extract  did  not  result  in  anaphylaxis.  When  the  extract  was 
given  to  adult  rabbits  intravenously,  neither  the  leukopenic  nor  pyrogenic  ef- 
fects which  have  been  described  after  endotoxins  were  observed.  No  toxic 
effects  were  noted  in  rabbits  when  doses  as  large  as  one  gram  were  given  intra- 
venously. Repeated  intradermal  injections  in  rabbits  and  in  mice  produced  no 
local  reactions.  Attempts  to  produce  a  Shwartzman  phenomenon  or  enhanced 
reaction  to  intradermal  epinejjhrine  also  gave  consistently  negative  results.  The 
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addition  of  extract  to  nutrient  fluid  in  10  i)er  cent  concentration  produced 
no  visible  effect  on  Hela.  monkey  or  lahhit  kidney  cells  in  nionolayer  tissue 
culture. 

Even  100  uiii  of  extract  had  no  unfavoral)le  effect  on  the  growth  on  staphy- 
lococci and  K.  coli  in  vitro.  In  Table  IV  the  results  are  summarized  of  a  test 
in  which  the  in  I'itro  effect  of  the  extract  is  conijiared  with  that  of  chlor- 
amphenicol. For  this  test  a  series  of  test  tubes  containing  1  ml  of  trypticase 
soy  broth  weie  set  up.  Various  amounts  of  extract  or  chloramphenicol  in 
0.1  ml  volume  were  added  to  each  tube.  Tenfold  dilutions  were  made  of  6  hour 
bacterial  cultures,  and  0.1  ml  of  aj^propriate  dilutions  were  added  to  each  of 
the  tubes  containing  the  material  to  be  tested.  After  incubation  for  one  hour 
at  37°C,  0.2  ml  from  each  tube  were  spread  on  well-dried  trypticase  soy  agar 
plates.  At  the  end  of  an  18  hour  period  of  incubation  at  37°C  the  number  of 
colonies  on  each  plate  was  counted  and  compared. 

When  given  to  suckling  mice,  a  dose  of  extract  of  at  least  0.6  mg  of  extract 
per  animal  was  required  to  bring  about  enhanced  resistance.  Once  the 

TABLE  n' 

In  Vitro  Effect  of  Extract  (SE)  and  Chloramphenicol  on  Growth  of  Bacteria 

Number  of  Colonies  on  Each  Plate 


SE 

Chloramphenicol 

Broth 

10  mg 

1  mg 

0.1  mg 

0.05  mg 

50  mg 

5  mg 

S.  aureus 

91 

96 

112 

0 

0 

94 

E.  coli 

225 

299 

211 

219 

2 

76 

253 

process  was  "triggered,"  there  did  not  seem  to  be  a  jiroportionate  increase  in 
effectiveness  with  increasing  amounts  of  extract.  This  can  be  seen  in  the  rej)- 
resentative  experiment  shown  in  Table  V.  Despite  the  fact  that  there  was  a 
tenfold  difference  in  amount  of  extract  given  to  the  two  groups  of  mice  which 
showed  protection,  there  was  no  significant  difference  in  the  degree  of  protec- 
tion. Other  experiments  support  the  belief  that  0.6  mg  of  the  lyojihilized  crude 
extract  is  close  to  the  minimal  dose  needed  to  bring  about  protection  in  the 
suckling  mice. 

The  giving  of  repeated  daily  injections  of  extract  also  failed  to  bring  about 
an  increase  in  effectiveness  once  the  enhanced  resistance  was  "triggered." 
This  is  shown  in  the  experiment  summarized  in  Table  VI.  (It  is  of  interest 
that  there  were  no  untoward  effects  from  the  multiple  injections  of  extract.) 

Perhaps  the  most  significant  observation  regarding  the  resistance-enhancing 
property  of  the  extract  is  that  its  effectiveness  is  dependent  upon  time.  A  few 
hours  are  reciuired  after  the  extract  is  given  to  demonstrate  the  effect  and  the 
effect  persists  for  only  a  few  days.  This  is  shown  in  the  experiments  summarized 
in  Figure  1.  In  these  experiments,  all  treated  sucklings  received  6  mg  of  the 
crude  extract.  There  was  a  saline  treated  control  group  for  each  time  interval. 
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E.  coli  was  the  ehalk'n<fe  oi'gunisin.  For  cacli  time  interval  the  niiinhei'  of 
survivoi's  anionji  the  exti'aet-treateil  mice  was  (■(impaicd  with  the  iniiiilter  of 
survivors  in  the  control  ^loup.  The  chi  sciuare  vahies  were  determined  and 
plotted  on  the  vei'tical  axis,  'i'hc  lime  inler\-al  lietween  treatment  and  clial- 

'I'AHiJ':  \ 


Effect  of  Amount  of  Lyophilized  Crude  Extract  on  Protective  Effect  in  Suckling  Mice* 


Saline 

Extract 

No.  of  Mice 

Deatlis 

Survivors 

(5  mg/animal) 

(0.6  mg/animal) 

(0.1  mg/animal) 

No.  of 
Mice 

Deaths 

Survi- 
vors 

No.  of 
Mice 

Deaths 

Survi- 
vors 

No.  of 
Mice 

Deaths 

Survivors 

73 

48 

25 

73 

21 

52 

80 

31 

49 

72 

48 

24 

25/73  or  34%  survivors 

52/73  or  71% 
survivors 
=  20.0314 
p    =  <.001 

49/80  or  61% 

survivors 
X-  =  11.144 
p    =  <.001 

24/72  or  33% 
survivors 

*  Preliminary  injection — 0.03  ml  intra-abdominally .  Challenge — 3  X  10^  E.  coli  in  0.03 
nil  intra-abdominally. 


TABLE  VI 


Effect  of  Multiple  Preliminary  Doses  of  Extract  on  Protective  Effect* 


3  Doses 

2  Doses 

1  Dose 

Saline 

Extractt 

Saline 

Extract 

Saline 

Extract 

o 

1 

o 

i 

p 

s 

p 

s 

o 

s 

p 

"o 

> 

> 

> 

rt 

> 

o 

'> 

o 

o 

'> 

o 

'> 

6 

■z 

V 

a 

9 

d 

Q 

3 

in 

d 

■z. 

u 

Q 

3 

d 

o 

3 

d 

O 

3 

in 

d 

■z 

a 

5 

cn 

28 

22 

6 

22 

6 

16 

29 

22 

7 

28 

3 

25 

30 

23 

7 

25 

5 

20 

()/28  or  22% 

16/22  or 

73% 

7/29  or 

24% 

25/28  or 

89%, 

7/30  or 

23% 

20/25  or 

80% 

survivors 

survivors 

survivors 

survivors 

survivors 

survivors 

X-  = 

=  13. 

1572 

X* 

=  25.57 

x'^ 

=  17 

.52 

P  = 

=  <. 

001 

p 

=  < 

.001 

P 

=  < 

.001 

*  All  injections  were  given  intra-abdominally  in  volume  of  0.03  ml  per  suckling  mouse. 
24  hr.  intervals  between  doses — except  last  dose  which  was  given  20  hrs.  before  challenge. 
Challenge:  3  X  10'  E.  coli. 

t  E.\tract  crude  lyophilized.  Dose — 6  mg/animal. 


lenge  was  plotted  on  the  horizontal  axis.  Figure  1  shows  that  it  takes  about 
6  hours  before  a  high  level  of  protection  is  attained.  This  protection  continues 
for  42  hours.  Then,  there  is  a  sharp  drop  and  at  48  hours  no  protection  is 
demonstrable. 
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The  duration  of  resistance  may  vary  with  different  animals  and  challenging 
bacteria.  In  one  earlier  experiment  adult  mice,  which  had  been  given  approxi- 
mately the  same  amount  of  extract  on  a  body-weight  basis  as  the  above  suck- 
lings, were  challenged  at  appropriate  times  with  staphylococci.  Significant  pro- 
tection could  be  demonstrated  for  at  least  72  hours. 

DISCUSSION 

The  use  in  tiie  laboratory  of  l)actei'ial  products  which  within  24  hours 
modify  the  course  of  infections  goes  back  at  least  to  the  last  century  (7). 
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TIME  IN  HOURS  BETWEEN  EXTRACT  AND  CHALLENGE 


X  Each  point  represents  the  overage  of  two  or  more  experiments  using  30 

suckling  mice  in  each  test  group. 

Fig.  1.  The  effect  of  the  time  interval  between  injection  of  extract  and  challenge  injection 
of  bacteria. 


However,  until  about  10  years  ago  there  was  relatively  little  interest  in  such 
substances,  unless  they  were  antimicrobials.  Recently  there  has  been  a  re- 
newed interest  in  endotoxins  and  other  bacterial  substances  which  do  not 
possess  direct  antimicrobial  activity  (8) .  One  of  the  many  experimental  re- 
actions elicited  by  endotoxins  is  that  of  rapidly  enhancing  nonspecific  resist- 
ance to  infection. 

The  staphylococcal  extract  described  in  this  communication  is  not  an  endo- 
toxin, but  it  does  rapidly  induce  protection  which  is  nonspecific.  It  does  this 
not  only  when  given  to  adult  mice,  but  also  when  given  to  sucklings  which  have 
had  very  little  opportunity  for  previous  exposure  to  the  bacteria  used  for 
challenge.  We  have  shown  that  the  extract  protects  suckling  mice  equally  well 
against  two  different  bacteria — staphylococci,  which  are  destroyed  within 
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lihagocytes,  and  E.  coli,  which  arc  destroyed  by  humoral  factors  alone.  The 
effect  of  the  extract  probably  is  not  limited  to  these  two  infectious  agents.  We 
have  carried  out  a  few  experinu'nts  which  suggest  that  tlie  extract  may  affoi'd 
some  protection  to  suckling  mice  against  H.  simplex  virus  (9).  In  addition,  it 
has  recently  been  reported  by  Schaft'er  and  co-workers  (10)  that  pi'eliminary 
treatment  of  suckling  mice  with  a  staphylococcal  extract  resulted  in  an  in- 
creased degree  of  resistance  to  infection  with  Coxsackie  Bl  virus. 

The  protection  which  seemed  to  be  afforded  to  the  treated  rabbits  suggests 
that  the  extract  may  be  effective  in  a  variety  of  animal  species.  We  have  not 
yet  had  an  opportunity  to  test  this  possibility  in  other  species. 

The  lack  of  toxicity  of  our  extract  is  remarkable.  It  can  be  given  in  large 
and  repeated  doses  to  mice  and  rabbits  without  producing  signs  of  illness.  This 
is  in  contrast  to  the  results  reported  by  Sultzer  and  Freedman  (11)  with  two 
staphylococcal  extracts  which  contained  lipopolysaccharides.  Pretreatment 
with  their  material  did  protect  mice  against  subsequent  lethal  challenge  with 
E.  coli.  However,  their  staphylococcal  extracts  produced  biphasic  fever  and  a 
leukojjenic  response  in  rabbits.  Our  substance  which  was  also  derived  from  a 
staphylococcus  did  not  behave  like  an  endotoxin  in  rabbits.  Neither  did  it 
damage  guinea  pig  monocytes  as  did  E.  coli  endotoxin  in  tests  done  for  us  by 
Dr.  Alehdi  Shayagani  at  the  Rutgers  University  Institute  of  Microbiology. 

The  extract  is  nonantigenic  for  mice,  rabbits,  and  guinea  pigs.  In  our  earlier 
report  (2)  it  was  noted  that  pools  of  serum  obtained  from  mice  two  weeks  after 
injection  did  not  contain  staphylococcal  antibodies  which  could  be  detected 
by  bacterial  agglutination,  hemagglutination  or  latex  fixation.  As  a  part  of 
the  present  study,  rabbits  were  given  large  doses  of  extract  intra-abdominally 
and  their  sera  tested  after  24  hours  and  again  after  two  and  four  weeks  for 
the  presence  of  staphylococcal  agglutinins  and  hemagglutinins.  Although  it  is 
well  known  that  commercially  raised  rabbits  often  have  naturally-acciuired 
antibodies  (12)  no  rise  in  titer  could  be  demonstrated. 

The  protection  elicited  by  staphylococcal  extract  is  limited  in  degree  and 
time.  If  too  large  a  challenge  dose  is  given,  the  protective  effect  cannot  be 
demonstrated.  It  requires  several  hours  to  appear,  and  it  persists  for  only  a  few 
days.  Yet  the  variety  of  infectious  agents  against  which  the  extract  elicits 
enhanced  resistance,  and  the  fact  that  it  does  this  in  newly  born  as  well  as 
older  animals  suggests  that  it  may  stimulate  an  important  mechanism  of 
"natural  immunity."  If  we  understood  the  mode  of  action  of  the  extract,  we 
might  be  in  a  position  to  prepare  a  "strategically  different  way  to  control  in- 
fectious disease"  (13).  The  lack  of  toxicity  and  antigenicity  of  this  substance 
suggests  that  it  may  have  wide  application  in  experiments  designed  to  study  in 
detail  the  complex  factors  w'hich  make  up  "innate  resistance"  to  infection. 

The  manner  in  which  the  extract  elicits  protection  is  not  clear.  It  has  no 
in  vitro  inhibitory  effect  on  the  growth  of  bacteria.  When  the  extract  is  given 
to  mice  there  is  a  definite  period  of  time  which  must  elapse  before  the  animals 
show-  increased  resistance.  During  this  time  some  mechanism  is  put  into  action 
which  very  quickly  brings  about  a  maximum  effect.  The  effect  of  the  extract 
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is  not  in{'re;i.sed  either  by  larger  doses  or  by  repeated  doses.  It  has  been  sug- 
gested by  Whitby  et  al.  (14)  that  endotoxins  enhance  protection  by  bringing 
about  a  rapid  release  of  bactericidal  antibody.  If  this  were  true  of  our  extract 
it  would  have  to  occur  within  six  hours  in  newly  born  mice.  This  is  a  very 
short  period  within  which  to  induce  primary  antibody  production.  Braun 
et  al.  1 15)  showed  that  DNA  breakdown  products  may  stimulate  antibody 
syntliesis,  and  that  if  they  are  given  with  a  sub-effective  dose  of  endotoxin 
there  is  a  significant  increase  in  the  resistance  of  the  mice.  However,  when  we 
gave  a  mixture  of  subminimal  effective  doses  of  Salmonella  typhosa  endotoxin 
iDifco)  (0.001  ixg)  and  our  extract  (0.1  and  0.2  mg)  to  sucklings  and  then 
challenged  them  with  E.  coli,  no  protection  was  demonstrated.  (In  preliminary 
titrations  0.003  ixg  of  the  endotoxin  and  0.6  mg  of  the  extract  were  effective.) 
Thus  far  we  have  failed  to  find  any  consistent  change  in  the  peripheral  white 
blood  cell  count  of  adult  mice  or  rabbits  after  they  had  been  given  a  dose  of 
extract  sufficient  to  elicit  protection.  We  have  not  yet  investigated  what  effect 
the  extract  may  have  on  cells  of  the  reticulo-endothelial  system.  The  studies 
of  Rowley  (16)  and  others  (17)  with  endotoxins  suggest  that  such  studies  may 
be  fruitful. 

SUMMARY 

1.  Acidification  and  boiling  of  the  .sui)ernatant  of  an  18  hour  culture  of  an 
epidemic  strain  of  a  type  80-81  staphylococcus  yielded  a  substance  which 
was  ]Mecipitable  in  ethanol  and  soluble  in  water.  Intra-abdominal  injection  of 
an  aciueous  solution  of  this  sul)stancc  significantly  increased  the  ability  of 
suckling  and  adult  mice  to  withstand  staphylococcal  and  E.  coli  infections  which 
were  lethal  to  more  than  50  ]ier  cent  of  control  animals.  The  substance  also 
afforded  some  protection  to  rabbits  challenged  by  intravenous  injection  of 
staphylococci.  The  protection  given  these  animals  was  of  a  general  systemic 
nature. 

2.  Tlie  protective  substance  was  not  toxic  and  not  antigenic.  It  withstood 
lyophilization  and  could  be  concentrated  and  partially  purified  by  DEAE- 
Sephadex  column  chromatography.  Preliminary  chemical  analysis  indicates 
that  it  has  pentose,  hexosamine  and  a  nitrogen-containing  group. 

3.  The  protective  staphylococcal  extract  had  no  in  I'itro  inhibitory  effect 
on  the  growth  of  staphylococci  or  E.  coli.  However,  when  it  was  given  to 
animals  in  sufficient  amounts,  it  appeared  to  "trigger"  a  protective  mecha- 
nism. There  was  no  proportionate  increase  in  activitj^  with  increased  dosage. 
Neither  was  there  any  increased  activity  after  repeated  daily  injections.  Time 
was  required  before  enhanced  resistance  could  be  demonstrated  and  it  ])er- 
sisted  for  only  a  limited  period. 

4.  Some  of  the  possible  mechanisms  by  which  the  protective  substance 
may  bring  about  enhanced  resistance  and  their  implications  are  discussed. 
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Car<Iiodyiiaiiiics  of  Pericardial  Disease* 

LESLIE  A.  KUHN,  M.D. 
New  York,  N.  Y. 

Three  main  syndromes  have  been  jiroduced  by  diseases  of  the  pericardium: 
that  dominated  l)y  precordial  pain  due  to  acute  inflammation  of  the  pericardium ; 
that  due  to  acute  pericardial  effusion,  with  or  without  manifestations  of 
venous  congestion;  third,  a  chronic  constrictive  process  which  is  associated 
with  a  small  or  moderately  enlarged  cardiac  silhouette  and  which  inter- 
feres witli  ventricular  filling.  More  recently,  a  fourth  syndrome  has  been 
delineated,  that  due  to  chronic,  massive  pericardial  effusion  of  several  years' 
duration.  Important  alterations  in  cardiovascular  dynamics  may  be  produced 
by  diseases  of  the  pericardium. 

FUXCTIOX  OF  NORMAL  PERICARDIUM 

Normally,  there  are  al)out  20  to  50  cc  of  fluid  in  the  potential  pericardial 
space.  Major  functions  of  the  pericardium  include  chemical  and  fluid  exchange 
and  a  mechanical  influence.  In  the  dog,  bidirectional  sliifts  of  several  elec- 
trolytes have  been  demonstrated  by  isotope  studies  ( 1) . 

The  mechanical  functions  of  the  pericardium  are  more  important  for 
clinical  purposes.  Various  studies  have  suggested  that  at  least  80  to  100  cc 
of  fluid  may  accumulate  within  the  pericardium  without  producing  cardiac 
compression  (2).  This  is  greater  than  the  usual  cardiac  stroke  volume,  which 
is  60  to  80  cc,  and  this  permits  moderate  cardiac  dilatation.  In  addition,  the 
elastic  fibers  allow  stretching  to  occur  if  given  enough  time.  Figure  1  shows 
a  pressure-volume  curve  of  tlie  pei'icardial  sac  comjiared  to  the  curves  of 
the  right  and  left  ventricles.  There  is  initially  only  a  slight  rise  of  pressure 
with  substantial  increases  in  volume.  The  pressure  rise  then  becomes  in- 
creasingly large  with  further  small  volume  increments.  Stretching  of  the 
pericardial  fibers  has  been  further  demonstrated  by  the  observation  that 
increments  of  intrapericardial  saline  must  be  added  progressively  to  main- 
tain elevations  of  venous  jiressure  (31. 

The  function  of  the  pericardium  may  also  be  studied  by  removing  it 
experimentally.  Clinically,  congenital  defect  of  the  pericardium  may  give 
no  symptoms.  However,  adjacent  infection  of  jiulmonary  tissue  may  extend 
to  the  heart  and  there  may  be  cardiac  dilatation  with  prominence  of  the  atria, 
an  increased  transverse  diameter  and  a  globular  shadow  with  rounding  of 
the  apex.  The  heart's  fluid  capacity  may  be  increased. 

Interesting  experimental  observations  have  been  made  by  Berglund  on  the 
role  of  the  pericardium  in  the  regulation  of  cardiovascular  hemodynamics 
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(4).  When  the  left  ventricle  is  stressed  by  aortic  constriction,  it  dilates  and 
rij2;ht  ventricular  expansion  may  be  limited  by  the  pericardium.  Therefore, 
jnilmonary  blood  voiuinc  may  be  lowei'  than  if  the  poi-icai'diuiii  were  absent. 


A.  li 

Fig.  1.  Pres.sure-voliime  curves  of  the  pericardial  sac  compared  to  those  of  the  right  and 
left  ventricles.  It  can  be  seen  that  the  pericardial  sac  can  contain  considerable  amounts  of  fluid 
with  only  a  slight  rise  in  pres.sure.  With  further  small  volume  increments,  the  intrapericardial 
pressure  rises  abruptly.  (From  Isaacs,  J.  P.,  el  al.i  Am.  Heart  J.,  48:  66,  1954.  Reprinted  by 
permission  of  author  and  C.  V.  Mosby  Co.,  Inc.) 


Fig.  2.  Pulmonary  wedge  pres- 
sure in  dogs  following  left  ven- 
tricular stress  produced  by  aortic 
constriction  before  and  after  peri- 
cardiectomy.  With  the  pericardium 
removed,  there  is  a  more  marked 
elevation  of  pulmonary  "capillary" 
or  left  atrial  pressure.  (From  Berg- 
lund,  E.,  el  al.:  Circulation  Res.,  3  : 
133,  1955.  Reprinted  by  permission 
of  author  and  American  Heart  As- 
sociation, Inc.) 
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Figure  2  shows  that  the  pericardium  limits  the  elevation  of  pulmonary  "capil- 
lary" (and  therefore  left  atrial)  pressure  when  the  left  ventricle  is  stressed. 
There  is  also  some  evidence  that  pericardiectomy  may  alter  the  "Starling 
curve"  (Fig.  3).  As  the  venous  pressure  is  raised  by  infusion,  deterioration 
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of  the  Starling  fui\c  may  ofour  sooner  in  the  pericardiectomized  animal  than 
in  one  in  which  the  pericardium  is  normal.  However,  when  peripheral  resist- 
ance is  elevated,  a  heart  without  i)ericardium  sustains  a  satisfactory  output 
longer  than  a  heart  with  intact  pericardium  (Fig.  3) . 


(A)  (C) 


soc 


!B) 

PERICARDIUM    INTACT  PERICARDIUM  OPENED 
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Fig.  3A.  Cardiac  performance  is  altered  by  pericardiectoniy.  Cariliac  decompensation  oc- 
cur? at  a  lower  venous  pressure  than  with  the  jiericardium  intact. 

Fig.  3B.  When  the  pericardium  is  opened,  there  is  little  increase  in  cardiac  output  with 
tach>'cardia,  in  contrast  to  the  animal  with  an  intact  pericardium. 

Fig.  3C.  When  the  arterial  pressure  is  elevated,  there  is  a  more  precipitous  fall  in  cardiac 
output  when  the  pericardium  is  intact  than  when  it  is  open.  (Adapted  from  Kuno  (5).  In 
Spodick,  D.  H.:  Acute  Pericarditis.  New  York:  Grune  and  Stratton,  1959.  Reprinted  by  per- 
mission of  author  and  publisher.) 

Cardiac  output  response  to  rate  fluctuations  is  aided  by  the  pericardium. 
The  normal  increase  in  cardiac  output  with  tachycardia  is  not  obtained  in  the 
animal  with  an  open  pericardium  (5)  (Fig.  3).  Although  there  may  be  little 
clinical  effect  in  the  pericardiectomized  human  subject,  the  diastolic  volume 
is  large  at  rest  and  probably  greater  than  normal  during  exercise.  While  a 
normal  heart  may  dilate  after  vagal  stimulation,  such  stimulation  may  produce 
even  more  dilatation  after  pericardiectoniy  l6l. 
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From  ihv»c  considerations,  it  appears  that  the  normal  ])eriear(lium  limits 
excessive  cardiac  dilatation  and  in  response  to  inflow  loads  maintains  an 
appropriate  "Stai'ling  curve."  In  addition,  it,  piomotes  adequate  cardiac  out- 
put I'esponsc  to  rate  changes  and  limits  undue  disjilacement  of  the  heart  l)y 
I'eason  of  its  external  attachments.  However,  when  heart  failure  i>  i)roduced 
hy  increased  iieiipheial  vascular  resistance  an  intact  pericardium  may  be  a 
disadvantajit'  and  may  he  associatetl  with  a  moi'e  rapid  decline  in  cardiac  out- 
put. 

PERICARDIAL  EFFISIOX 

A.  Hentu(l(/ii(iiitic  Effects 

Acute  pericarditis  may  alter  cardiac  dynamics  very  little  in  its  "dry"  state, 
hut  if  pericardial  effusion  occurs,  there  may  be  important  dynamic  changes. 

Both  clinical  observations  and  experimental  studies  have  ijrovided  informa- 
tion as  to  the  physiologic  alterations  which  occur  during  pericardial  effusion. 
The  hemodynamic  effects  of  effusion  are  closely  related  to  the  speed  of 
accumulation  of  the  fluid.  The  rapid  accumulation  of  150  to  200  cc  may 
produce  acute  cardiac  tamponade  whereas  the  slow  accumulation  of  a  liter 
or  more  may  be  well  tolerated  and  in  some  cases  as  much  as  4  liters  may  not 
interfere  too  greatly  with  cardiac  function.  Fluid  generally  accumulates  in- 
feriorly,  anteriorly  and  laterally,  particularly  on  the  left.  Little  fluid  ac- 
ctimulates  directly  behind  the  heart  because  of  firm  attachments  but  there  may 
be  posterolateral  protrusions  of  pericardial  fluid. 

When  intrapericardial  pres.sure  is  increased,  diastolic  filling  of  the  ventricles 
is  impeded,  resulting  in  a  rise  in  ventricular  pressure  and  a  diminution  in 
cardiac  output.  Figure  4  shows  the  effects  of  intrajiericardial  saline  injected 
into  a  dog.  At  a  critical  level  of  intraj^ericardial  i)ressure,  there  is  a 
precipitous  fall  in  arterial  pressure  accompanied  by  a  rise  in  left  and  right 
atrial  pressures  and  eventually  a  flowless  system.  Although  the  atrial  pres- 
sure is  elevated,  the  effective  filling  pressure  (that  is,  the  atrial  minus  the 
intrapericardial  pressure)  is  diminished  and  the  stroke  work  of  both  ventricles 
declines  parallel  with  these  effective  filling  pressures.  In  addition,  there  are 
other  factors  which  interfere  with  cardiac  function.  Because  the  filling 
ends  early  and  the  intraventricular  pressure  rises  abruptly,  the  A-V  valves  may 
close  prematurely.  This  may  be  associated  with  short  fiber  length  and  may 
further  dimmish  stroke  volume.  Distinct  from  the  aortic  pressure  fall,  which 
diminishes  coronary  perfusion,  there  are  other  alterations  which  also  interfere 
with  coronary  flow.  These  are  probably  due  to  compression  of  the  coronaries. 
Possibly  because  of  this,  both  right  and  left  ventricular  function  is  impaired, 
as  measured  by  increments  of  stroke  work  with  increases  of  filling  pressure. 
The  fact  that  this  functional  impairment  in  pericardial  tamponade  can  be 
rectified  by  a  vasopressor  agent  suggests  that  the  improvement  may  be  re- 
lated to  increasing  an  inadequate  coronary  perfusion  (71. 

In  addition  to  the  direct  effects  of  cardiac  compression,  indirect  effects 
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may  occur.  As  venous  pressure  is  increased,  there  may  be  fluid  and  sodium 
retention  which  lead  to  edema  even  before  cardiac  output  and  glomeiidar 
filtration  rate  are  altered  (8(.  Diminution  in  cardiac  output  and  renal  arteriolar 
constriction  may  occur  later  and  further  accentuate  the  sodium  retention, 
although  the  precise  sequence  of  events  is  somewhat  controversial.  Various 
compensatory  mechanisms  may  affect  the  physiological  changes  in  pericardial 
effusion.  One  of  the  first  of  these  is  tachycardia  probably  owing  to  activation 


Meon  Pericardial  Pressure  mm.Hg. 


Fig.  4.  The  effects  of  intrapericardial  saline  injected  int(j  a  dog.  At  a  certain  critical  level 
of  intrapericardial  pressure,  there  is  a  precipitous  fall  in  arterial  jircssure,  a  rise  in  atrial  pres- 
sures and  eventually  equal  arterial  and  atrial  pressures  and  a  "flowless"  system.  (From  Met- 
calfe, J.  P.,  et  al.:  Circulation,  5:  518,  1952.  Reprinted  bv  permission  of  American  Heart  Assn., 
Inc.) 

of  the  Bainbridge  reflex  resulting  from  right  atrial  and  great  vein  dis- 
tention. This  maintains  total  cardiac  output  despite  the  fall  in  stroke  volume, 
but  if  compression  continues  this  mechanism  is  insufficient  to  maintain 
adequate  cardiac  output.  Because  of  the  fall  in  cardiac  output,  reactive 
vasoconstriction  may  occur  as  a  compensatory  mechanism,  and  therefore 
arterial  pressure  may  be  well  maintained  until  the  final  stages  of  "compensa- 
tion." During  the  compensated  phase,  the  cardiovascular  adjustments  are 
delicately  balanced  and  sudden  increases  in  cardiac  load,  such  as  in  exercise, 
may  cause  rapid  decompensation. 


(^AUDKJUVXAMICS  OF   rKKICAHDlAL  DISEASE 


387 


15.  Chnirdl  Mdnifcstdtioiis 

The  important  clinical  manifestations  of  |)eiicanlial  effusion  are  directly 
related  to  the  hemodynamic  alterations  pi'oduced.  Symptoms  include  pivcordial 
op|)ressi\-e  pain  which  may  he  due  to  stretchin<i;  of  the  pericardium.  Various 
positions  of  relii'f  are  conuuon  hut  many  patients  do  not  adopt  them.  These 
include  sitting  uj)  and  leaning  forward  as  well  as  spreading  out  on  hands  and 
knees,  the  so-called  "signe  de  la  jiriere  Mahometane."  Dyspnea  and  oi  tliopnea 
may  aj^pear  due  to  displacement  and  compression  of  the  lung  parenchyma  or 
atelectasis.  There  may  be  encroachment  on  the  tracheo-bronchial  tree  pro- 
ducing cough  and  an  element  of  airway  obstruction.  In  massive  effusions,  there 
may  be  pressure  on  the  esophagus,  with  dysphagia,  and  on  the  recurrent 
laryngeal  nerve,  producing  hoarseness.  In  addition,  there  may  be  impingement 
on  the  jihrenic  nerve  with  resultant  hiccough,  and  nausea  and  abdominal  pain 
due  to  a  congested  liver. 

Clinical  signs  of  pericardial  eltusion  include  neck  vein  engorgement  and. 
in  advancetl  compression,  precordial  venous  distention  and  a  precordial  bulge. 
The  pulse  pressure  may  be  diminished  and  the  pulse  rapid.  There  may  be  edema 
and  ascites.  Two  other  characteristic  signs  which  should  be  looked  for  include 
"pulsus  paradoxus"  and  inspiratory  distention  of  the  neck  veins.  Normally, 
inspiration  produces  a  more  negative  intrapleural  pressure  and  a  more  positive 
intra-abdominal  pressure,  both  of  which  serve  to  increase  right  atrial  filling. 
Inspiratory  distention  of  the  neck  veins  occurs  because  right  atrial  filling 
is  impeded  despite  the  respiratory  increa.se  in  venous  return.  "Pulsus  paradoxus" 
is  a  misnomer,  because  it  is  an  exaggeration  of  a  normal  response.  Normally, 
despite  the  increase  in  venous  return  with  inspiration  and  hence,  right  ventricu- 
lar output,  the  capacity  of  the  pulmonary  vascular  bed  increases  relatively 
more  and  there  is  a  resultant  fall  in  left  ventricular  stroke  output  with  a  fall 
in  pulse  volume  and  systolic  pressure  of  about  5  mm  Hg.  In  pericardial 
effusion,  inspiratory  right  ventricular  stroke  volume  is  less  than  normally  in- 
creased by  an  increased  venous  return  because  of  impaired  ventricular 
filling  but  the  capacity  of  the  pulmonary  vascular  bed  increases  on  inspira- 
tion as  it  does  normally.  In  addition,  the  inspiratory  improvement  in  right 
ventricular  filling  which  does  occur  results  in  some  expansion  of  the  intra- 
pericardial  contents,  causing  more  left  ventricular  compression.  Both  of  these 
result  in  depression  in  left  ventricular  stroke  volume  and  hence  in  greater 
than  normal  fall  in  systolic  pressure  on  inspiration.  Studies  of  simultaneous 
pulmonary  venous  and  left  atrial  pressure  during  experimental  cardiac 
tamponade  have  shown  a  reversal  of  the  normal  gradient  during  inspii-a- 
tion.  Under  these  circumstances  there  may  be  reversal  of  the  normal  flow  in 
the  pulmonary  veins  (9).  Dock  has  recently  emphasized,  in  addition,  tliat 
there  may  be  inspirator}'  traction  on  the  diaphragm,  altering  the  cardiac 
silhouette  sufficiently  to  cause  diminution  in  left  ventricular  output  and  fall 
in  aortic  pressure  during  this  phase  (10). 

A  general  increase  in  cardiac  dullness  may  be  noted  on  recumbency,  par- 
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til'ularly  in  the  second  and  third  k'ft  intercostal  spaces.  This  area  may  be 
diminished  when  the  patient  assumes  a  sitting  position. 

Because  of  the  effusion  and  possibly  early  closure  of  the  A-V  cusps,  the 
first  heart  sound  may  be  diminished  as  may  the  second  sound.  An  early 
diastolic  third  heart  sound  may  ai)i)ear,  due  to  interference  with  ventricular 
filliilg. 

A  frequently  mentioned  finding  is  the  Ewart  sign  or  more  correctly,  the 
Bamberger-Pins-Ewart  sign.  This  is  an  area  of  dullness  and  bronchial  breath- 
ing at  the  left  lung  base  below  the  ninth  rib.  At  times  this  may  be  noted  on 
the  right  as  well.  Angiocardiographic  observations  by  Steinberg  have  shown 
that  Ewart's  sign  usually  results  from  compression  of  the  lung,  first  by  a 
retrodisplaced  heart  and  later  by  posterior  bulging  of  the  lateral  portions  of 
the  pericardium  (11). 

Electrocardiographically,  in  addition  to  low  voltage,  more  specific  find- 

TABLE  I 
Causes  of  Acute  Cardiac  Tamponade 

Acute  pericarditis 
Hemopericardium 

Following  myocardial  infarction 
Aortic  rupture 

Luetic  or  dissecting  aneury.sm 
Coarctation  with  rupture  above  ao.  valve 
Marfan's 
Trauma 
Neoplasm 

Chylopericardium  (trauma,  neoplasm) 


ings  have  been  noted  in  pericardial  effusion.  One  of  these  is  total  elec- 
trical alternans.  This  involves  P-waves  as  well  as  the  QRS  complex  and  is  seen 
with  large  pericardial  effusions.  These  findings  suggest  changes  in  the  heart's 
anatomical  position. 

Cardiac  tamponade  results  from  an  acute  accentuation  of  all  the  factors 
previously  delineated.  It  can  be  caused  by  a  variety  of  conditions  as  out- 
lined in  Table  I.  Tamponade  results  from  inadequate  compensatory  responses 
and  is  associated  with  a  rising  ventricular  diastolic  pressure  and  a  falling 
cardiac  output.  Venous  pressure  at  this  point  is  usually  about  150  mm  H2O 
but  cannot  adeciuately  maintain  right  heart  filling  because  of  the  increasing 
intrai:)ericardial  pressure.  It  should  be  realized  that  a  fairly  stable  cardio- 
dynamic  situation  may  result  in  tamponade  when  an  additional,  relatively 
small  amount  of  hemorrhage  or  exudate  is  added  to  an  existing  effusion. 
Pre-existing  pericardial  thickening  may  cause  cardiac  tamponade  when  a 
relatively  small  effusion  is  added. 

Clinically,  the  patient  may  appear  to  be  in  shock,  with  cyanosis,  rapid 
breathing  and,  sometimes,  syncope.  The  neck  veins  may  show  pulsations  or 
inspiratory  distention  on  sitting  up.  The  retinal  veins  are  engorged.  The 
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Brck  triail,  of  a  quiet  heart,  increased  venous  pi'cssurc  and  diniinislicd 
arterial  jjrcssurc  may  be  noted,  but  is  nonspecific. 

The  syiKh'oiue  of  chronic,  massive  pericardial  effusion  has  been  emphasized 
relatively  recently.  This  may  be  caused  by  a  variety  of  conditions,  as 
outlined  in  Table  II,  and  may  last  for  many  years  with  or  without  signs  of 
cardiac  comi)ression.  It  is  felt  that  some  of  those  of  "unknown"  etiology 
may  represent  extensions  of  an  acute  idiopathic  paricarditis.  A  few  cases 
characterized  by  fluid  containing  cholesterol  have  been  recognized.  Although 
this  may  be  associated  with  myxedema,  some  of  these  patients  have  been 
euthyroid.  Experimentally,  Ehrenhaft  (12)  has  produced  chronic  pericarditis 
with  eftusion  I)y  inserting  cholesterol  suspension  into  the  pericardium  of  dogs. 

C.  Differential  Diagnosis 

A  major  difficulty  is  differentiating  pericardial  effusion  from  the  x-ray 
shadow  produced  by  enlarged,  decompensated  hearts  resulting  from  a  variety 

TABLE  II 

Causes  of  Chronic  Massive  Pericardial  Effusion 

Unknown  etiologj^ 

Cardiac  and  pericardial  neoplasm.? 

TB:  mj'cotic  diseases 

Myxedema 

"Cholesterol"  pericarditis 
Thoracic  trauma 
"Collagen"  disease 
Chylopericardium 
Post-irradiation 


of  causes.  Pulsus  paradoxus  is  not  specific  as  it  may  be  produced  by  con- 
ditions with  exaggerated  respiratory  maneuvers,  such  as  tracheobronchial 
obstruction,  emphysema  and,  occasionally,  congestive  heart  failure  with- 
out these.  Inspiratory  distention  of  the  neck  veins  is  a  more  specific  sign  of 
cardiac  compression,  but  is  not  always  present.  Therefore,  usually  great 
reliance  is  placed  on  x-ray  findings.  In  the  plain  film,  it  may  not  be  possible 
to  differentiate  heart  from  pericardium  in  the  presence  of  an  enlarged  cardiac 
silhouette,  although  clear  lungs  are  more  often  a  characteristic  of  pericardial 
effusion.  Serial  films,  which  show  rapid  enlargement  of  the  cardiac  silhouette 
may  be  helpful.  The  pear-shaped  shadow,  alteration  of  the  silhouette  on 
tilting,  diminished  pulsations  and  lack  of  change  in  the  silhouette  with 
Valsalva  or  iSIuller  maneuvers  all  may  occur  in  pericardial  effusion  but 
may  also  occur  occasionally  with  large  dilated  hearts  without  pericardial 
fluid  surrounding  them.  Cardiac  catheterization  shows  a  similar  high  end 
diastolic  ventricular  pressure  in  both  congestive  heart  failure  and  pericardial 
compression.  An  auscultatory  differential  point  has  been  emphasized  by 
Harvey  (131.  Normally,  when  the  patient  lies  on  his  abdomen  and  the  steth- 
oscope is  placed  on  the  anterior  chest,  the  heart  sounds  will  increase  in  in- 
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tensity,  probably  because  the  heart  is  thrown  closer  to  tlie  anterior  chest. 
If  fluid  is  i)resent,  it  collects  anteriorly  and  the  sounds  will  be  diminished  in 
this  position. 

The  most  reliable  techniques  of  differential  diagnosis  are  those  of  angio- 
cardiography, as  demonstrated  in  Figure  5.  Normally,  the  right  ventricular 


Fig.  5.  Right  augioc-aidiojiiam.-  in  a  iiatieiit  with  a  large  pericardial  effusion.  The  arrows 
in(Ueato  the  wide  space  between  the  border  of  the  heart  silhouette  and  the  actual  cardiac 
chamber,  filled  with  dye.  (From  Steinberg,  I.,  et  al.:  Am.  J.  Roentgenol.,  79:  321,  1958.  Re- 
printed hy  permission  of  author  and  Chas.  C  Thomas  Co.,  Springfield,  111.) 


wall  is  1  to  3  nun  thick.  In  this  patient,  there  is  a  wide  space  between  the 
border  of  the  heart  silhouette  and  the  actual  cardiac  chamber.  Similar  re- 
sults have  been  obtained  by  Durant  after  the  injection  of  50  cc  of  CO^  which 
is  ab.sorbed  ra]iidly  in  about  20  minutes  and  is  nontoxic  (14).  A  nonmanijiu- 
lative  procedure  has  been  advocated  by  Wagner  (15).  This  consists  of  the 
injection  of  radioactive  material  intravenously  and  external  chest  scanning. 
The  size  of  the  cardiac  chamber  can  be  rlelincated.  Another  technique  is  that 
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of  Mellins  in  whicli  kymograiiis  arc  i)erformc(l  toKftlier  with  a  barium 
swallow  in  the  lateral  view  (IGl.  In  tlic  presence  of  a  lai'ge  shadow  due  entirely 
to  the  heart  chambei's,  diminished  pulsations  are  noted  anteriorly  and  poste- 
riorly. In  pericardial  effusion,  since  the  fluid  accumulates  anteriorly  and  not 
posteriorly,  tlie  barium  will  show  normal  pulsations  whereas  the  kymogram 
of  the  anterior  boi'der  will  have  diminished  pulsations. 


•—  :   CONTROL   BLOOD  VOLUME 
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Fig.  6.  The  effect  of  an  increase  in  blood  volume  on  the  hemodynamic  alterations  in  car- 
diac tamponade.  There  is  an  elevation  of  arterial  pressure  and  cardiac  output  when  the  blood 
volume  is  increased  during  the  initial  stages  of  cardinc  tamponade.  In  severe  tamponade, 
blood  volume  increase  produces  no  improvement.  (  From  Isaacs,  J.  P.,  et  ah:  Am.  Heart  J.,  48: 
66,  1954.  Reprinted  by  permission  of  author  and  C.  V.  Mosby  Co.,  Inc.) 


D.  Treatment 

While  discussion  of  the  treatment  of  pericardial  effusion  is  beyond  the 
scope  of  this  paper,  two  points  may  be  briefly  mentioned:  one  is  that  in 
performing  pericardial  aspiration,  it  should  be  borne  in  mind  that  the  fluid 
accumulates  anteriorly  and  laterally,  and  not  posteriorly.  The  other  is  that 
vasopressors  are  indicated  if  the  arterial  pressure  is  low,  for  reasons  previ- 
ously mentioned.  Figure  6  shows  the  effect  of  increasing  blood  volume  with 
varying  degrees  of  tamponade.  In  mild  tamponade,  increasing  the  blood  volume 
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elevates  arterial  pressure  and  cardiac  output  significantly,  hut  in  severe 
tamponade  there  is  no  significant  imiirovenient  with  increased  hlood  volume. 
Therefore,  blood  or  ])lasma  expandeis  may  be  beneficial  if  the  tamponade  is 
not  too  severe. 

COXSTRICTIVE  PERICARDITIS 

In  chronic  constrictive  pericarditis,  the  clinical  })icture  is  dominated  by 
prominent  venous  distention  and  ascites,  out  of  proportion  to  any  other 
manif(>station  of  edema.  In  Figure  7  it  can  be  seen  that  the  rise  in  portal 
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Fig.  7.  Alterations  in  portal  and  femoral  venous  pressure.s  during  cxiiciiincntal  cardiac 
tamponade.  The  rise  in  portal  venous  pressure  is  greater  than  the  elevation  ni  tcmoral  venous 
pressure  until  the  end  stages  of  tamponade.  (From  Evans,  J.  M.,  el  al.:  Am.  Heart  J.,  39:  IS, 
1950.  Reprinted  by  permission  of  author  and  C.  V.  Mosby  Co.,  Inc.) 

venous  pressure  is  greater  during  tamponade  than  the  elevation  in  systemic 
venous  pressure  until  the  limits  of  tamponade  are  reached  which  may  account 
for  the  predominant  ascites.  This  may  be  due  to  the  fact  that  fluid  collects 
along  the  diaphragmatic  surface  and  may  give  early  interference  with  hepatic 
and  inferior  caval  inflow. 

A  second  clinical  feature  of  constrictive  pericarditis  is  the  frequency  of 
atrial  fibrillation,  or,  in  non-fibrillators,  of  a  notched  P-wave  with  the  second 
peak  higher  than  the  first.  This  is  probably  due  to  atrial  distention  secondary 
to  interference  with  its  emptying.  A  third  characteristic  is  a  fairly  common 
third  heart  sound  and  closely  related  to  it,  a  characteristic  though  non- 
specific pressure  pulse  pattern  in  the  right  ventricle,  the  so-called  "diastolic 
dip"  (Fig.  8).  Actually,  this  is  a  misnomer  as  the  low  diastolic  pressure  is 
normal.  What  is  abnormal  is  the  rapid  rise  in  pressure  towards  the  end  of 
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Fig.  S.  Kiglit  \eotnc'ular  pressure  ami  right  ventricular  phonoeanliograni  in  a  patient  with 
c-onstrietive  pericarditis.  The  ciiastohc  "dip"  consists  of  a  normal  initial  diastolic  pre.ssure  and 
a  rapid  rise  in  iiressme  toward  the  end  of  diastole.  A  characteristic  third  heart  sound  can  be 
•seen  as  tin  pn  --nn  liciiin-  to  rise  in  diastole.  (From  Moscovitz,  H.  L.,  el  al.:  An  Atlas  of  He- 
modynamic -  (ii  iIk  Cardiovascular  System,  1963.  Reprinted  by  permission  of  author  and 
Grune  and  Stratton  Co.,  Inc.,  N.  Y.) 
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Fi(i.  9.  Intra \  ascular  pressures  in  patients  with  constrictive  pericarditis.  There  is  an  eleva- 
tion of  both  left  and  right  atrial  pressures,  indicating  that  compression  of  both  ventricles  oc- 
curs. (From  Sawyer,  C.  G.,  et  al.:  Am.  Heart  J.,  44:  207,  1952.  Reprinted  bv  permission  of 
C.  V.  Mosby  Co.,  Inc.) 

diastole  with  the  production  of  a  very  higli  end-diastoUc  pressure.  This  is  due 
to  the  inability  of  the  restricted  right  ventricle  to  receive  a  considerable 
volume  of  blood  without  a  pressure  rise  and  may  occur  in  intrinsic  myocardial 
disease  as  well  as  in  restriction  due  to  pericardial  compression.  From  tracings 


394 


LESLIE  A.  KXJHN 


recorded  by  the  intraeardiuf  phonocatheter,  it  can  be  seen  that  the  third  heart 
sound  is  noted  as  tlie  pressure  begins  to  rise  in  diastole,  probably  because  of 
filling  of  this  restricted  chamber. 

Finally,  as  shown  in  Figure  9,  study  of  hemodynamic  abnormalities  in 
constrictive  pericarditis  indicates  that  compression  of  both  ventricular  cham- 
bers occurs  with  resultant  rise  in  both  right  atrial  and  left  atrial  pressures. 
This  makes  it  important  for  the  surgeon  to  achieve  the  widest  possible  decorti- 
cation. 

SUMMARY 

The  functions  of  the  normal  pericardium  and  the  homodynaniic  effects  of 
pericardial  disease  are  described. 

The  normal  pericardium  limits  excessive  cardiac  dilatation,  helps  to  main- 
tain adequate  response  of  the  cardiac  output  to  increasing  inflow  loads  and 
therefore  an  appropriate  "Starling  curve."  In  addition,  it  promotes  adequate 
cardiac  output  response  to  changes  in  heart  rate  and  limits  undue  displace- 
ment of  the  heart. 

The  dynamic  alterations  produced  by  pericardial  effusion  are  closely 
related  to  the  speed  of  accumulation  of  the  fluid.  It  has  been  demonstrated 
that  when  intrapericardial  pressure  is  increased  to  a  critical  level,  there 
may  be  impedance  to  diastolic  ventricular  filling,  a  rise  in  left  and  right 
atrial  pressure,  a  diminution  in  cardiac  output  and  eventually  a  precipitous 
fall  in  arterial  pressure.  These  changes  may  be  accentuated  by  premature 
closure  of  the  A-V  valves,  which  further  diminishes  fiber  length  and  hence, 
stroke  volume.  In  addition,  there  is  presumptive  evidence  of  diminution  in 
coronary  flow  with  resultant  deterioration  of  the  function  of  both  right  and  left 
ventricles.  This  function  may  be  restored  to  some  extent  by  the  administration 
of  vasopressor  agents. 

The  hemodynamic  features  of  constrictive  pericarditis  are  reviewed.  It 
is  seen  that  the  rapid  rise  in  ventricular  pressure  to  high  level  at  the  end  of 
diastole  is  related  to  an  inability  of  the  restricted  right  ventricle  to  receive  a 
considerable  volume  of  blood  without  a  pressure  rise.  Intracardiac  phono- 
cardiography has  demonstrated  that  the  frequently  heard  third  heart  sound 
in  constrictive  pericarditis  occurs  as  the  pressure  begins  to  rise  in  diastole, 
probably  because  of  filling  of  the  restricted  chamber.  Hemodynamic  studies 
in  constrictive  pericarditis  have  demonstrated  that  compression  of  both  ven- 
tricles occurs  with  resultant  rise  in  both  right  and  left  atrial  pressures. 
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INTRODUCTION 

In  i-ecent  years,  there  have  been  many  attempts  to  increase  the  blood  supply 
of  the  myocardium  in  patients  who  have  coronary  arterial  disease.  The  ap- 
proaches have  been  primarily  surgical  and  consist  of  using  a  foreign  irritant, 
tissue  graft,  endarterectomy,  and  various  anastomotic  and  implantation  pro- 
cedures involving  systemic  vessels  and  the  coronary  arteries.  Each  method  has 
enjoyed  its  period  of  popularity,  only  to  be  discarded  by  the  new  rival  method, 
and  today  there  is  no  wholly  satisfactory  method  of  replacing  the  diseased 
coronary  vessels. 

In  an  attempt  to  obtain  the  same  protective  benefits  of  myocardial  revascu- 
larization without  the  necessity  of  surgical  intervention,  the  use  of  cardiac 
irradiation  as  a  therapeutic  method  was  proposed  and  investigated. 

RADL\TION  EXPERIMENTS  ON  THE  DOG's  HEART 

In  the  Surgical  Research  Laboratory  of  The  Mount  Sinai  Hospital  a  num- 
ber of  experiments  were  performed  studying  the  effect  of  irradiation  on  the 
coronary  blood  flow  (1-4).  Doses  of  1300  rads,  2000  rads,  and  2500  rads  were 
given  to  the  myocardium  of  mongrel  dogs  in  three  to  five  sessions  of  treat- 
ment over  a  two  and  a  half  week  period.  The  dogs  survived  the  treatment 
without  noticeable  effect.  At  varying  intervals  (from  one  week  to  six  months) 
following  the  radiation,  each  dog  was  subjected  to  thoracotomy  and  the 
coronary  circulation  was  studied.  It  was  found  that  8  per  cent  of  xmirradiated 
animals  survived  ligation  of  the  left  circumflex  coronary  artery,  and  that 
11  per  cent  survived  ligation  of  the  anterior  descending  coronary  artery.  In 
contrast,  in  the  animals  previously  irradiated,  40  per  cent  of  the  dogs  survived 
ligation  of  either  vessel  at  one  week  after  therapy.  At  six  months  after  therapy, 
75  per  cent  survived  ligation  of  the  anterior  descending  coronary  artery. 
These  surviving  iii  adiated  dogs  exhibited  a  better  anastomotic  flow,  as  demon- 
strated by  measuring  l)lood  flow  in  the  vessel  distal  to  the  po'mi  of  ligation.  The 
increased  anastomotic  flow  was  also  demonstrated  by  injection  of  the  coronary 
arterial  tree  with  barium  and  with  plastic  preparations  (Fig.  1).  Electro- 
cardiograpliic  (4)  and  pathological  (5)  study  of  the  irradiated  heart  revealed 
no  evidence  of  damage  either  to  the  cardiac  musculature  or  to  the  coronary  ves- 
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scl.<.  The  luecluuiism  of  induced  inci'cascd  collatd'al  cii'culation  i.s  .still  unclcai' 
and  a  sul).i(M't  worthy  of  furtlici-  laboratory  study.  The  jjrcscnt  rei)ort  cxploi'cs 
the  piissihlc  clinical  a|)|)lication  of  the  effect  ol).sei'\-ed. 

PILOT  CLINICAL  STUDY 

The  loiiical  application  of  the  experimental  findin<;-  would  he  to  irradiate 
the  heart  of  healthy  individuals  who  would  be  prone,  on  account  of  their 
family  histoiy,  their  age,  occupation,  blood  pressure  and  cholesterol  levels,  to 
suffei'  from  coronary  occlusion.  The  ii'radiation  should  offer  some  protection 
against  fatality  if  and  when  an  occlusion  occurred.  Such  a  study  was  not 


TABLE  I 

Professor  MacMahon's  Summary  of  Detailed  Results  Submitted  to  Him 


Original  group  

Omitted  

Cases  to  be  studied. . 

Assessed  by  E.  S. 
Dead  by  June  '61 . . 

Not  examined  

Examined  June  'Gl 

Improved  

Questionable  .  .  .  . 

Xot  improved  .  .  . 

Assessed  by  H.  J. 
Dead  by  Nov.  '61. . 

Not  examined  

Examined  Nov.  '61 

Improved   

Questionable   .  .  . 

Not  improved  .  . . 


Irradiated 


19 
2 
17 


Control 


19 
2 

17 


3 
0 
14 
5 
3 
6 


3 
3 
11 
3 
3 
5 


3 
2 
12 
3 
2 
7 


undertaken,  first,  because  w-e  felt  that  the  laboratory  evidence  was  not  con- 
clusive enough  to  warrant  offer  of  the  treatment  to  a  healthy  individual; 
and  secondly,  because  such  a  study  would  involve  hundreds  of  volunteers  and 
W'ould,  of  necessity,  be  a  very  long-term  statistical  study.  Instead,  patients 
with  severe  angina  pectoris  were  treated.  It  was  postulated  that  small  doses  of 
radiation  would  produce  dilatation  of  existing  myocardial  capillaries  and 
precapillary  arterioles  which,  in  the  presence  of  myocardial  ischemia,  w^ould 
persist  and  increase  in  number  because  of  the  observed  ability  of  cardiac  tissue 
to  develop  collaterals.  There  was  also  some  precedence  for  this  type  of  trial, 
since  the  irradiation  of  the  precordial  area  and  of  the  cervical  sympathetic 
chain  in  patients  with  angina  pectoris  had  been  tried  by  several  investi- 
gators, some  as  early  as  1916  (6). 

A  group  of  25  patients  was  selected.  Each  patient  was  disabled  by  severe 
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angina  of  long  duration.  In  many  casei>,  tlicre  had  been  niultii)le  coronary 
occlusions.  The  tolerance  of  the  heart  to  irradiation  has  been  studied  in 
recent  years  (7-9).  From  these  reports,  it  was  concluded  that  a  dose  of  2000 
in  two  weeks  might  cause  temporary  electrocardiographic  changes,  but  other- 
wise would  be  completely  safe  as  far  as  permanent  damage  to  the  heart  is 
concerned.  Accordingly,  each  patient  was  treated  by  a  single  anterior  pre- 
cordial field  of  cobalf"^  radiation  at  50  cm  SSD.  In  ten  sessions,  in  an  over- 
all time  of  two  weeks,  a  peak  dose  of  2000  rads  was  delivered.  There  was  no 
untoward  effect  of  irradiation  in  this  group  and  the  results  ranged  from 
no  improvement  to  moderate  or  marked  improvement  when  the  patients 


Fig.  1A.  Vinylite  injection  and  corrosion  specimen  of  normal  coronary  circulation  of  the 
dog  (lateral  view).  Arrow  points  to  the  anterior  descending  coronary  artery. 

Fig.  IB.  Specimen  of  non-iiradiated  heart  one-half  hour  post  ligation  of  llic  anterior  de- 
scending coronary  arterv.  Note  segment  of  absent  coronary  circulation  which  corresponds 
to  distribution  of  the  ligated  vessel. 

Fig.  IC.  Specimen  of  irradiated  heart  one-half  hour  post  ligation  of  the  anterior  descending 
coronary  artery.  The  pattern  of  vascularity  resembles  a  normal  heart  without  vessel  ligation. 
The  anterior  descending  coronary  artery  (arrow)  has  filled  in  a  retrograde  fashion  by  means 
of  functioning  intercoronary  anastomotic  channels. 

were  evaluated  at  intervals  during  the  next  eighteen  months.  We  were  distinctly 
encouraged  by  this  ])reliminary  experience  and  decided  to  embark  on  a  con- 
trolled clinical  test. 


There  is  great  difficulty  in  assessing  the  efficacy  of  any  therapy  in  a  pa- 
tient with  severe  angina  pectoris.  First  of  all,  there  is  the  natural  variability 
of  the  patient's  clinical  status  from  month  to  month.  There  is  no  good  labora- 
tory test  to  show  the  adequacy  of  cardiac  circulation  at  any  time.  Further, 
these  patients  are  prone  to  suggestion,  and  any  treatment  offered  has  a 
placebo  effect  in  a  minority  of  the  patients.  For  criteria  of  improvement, 
one  can  only  have  a  subjective  evaluation  of  the  amount  of  pain  which  the 
patient  experiences,  the  number  of  nitroglycerin  tablets  that  he  takes  per 
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diem,  and  the  amount  of  physical  exercise  wliicli  lie  can  do  without  inducing 
angina.  A  trial  was  therefore  designed  in  such  ;i  way  that  half  of  tiie  i)atients 
would  act  as  controls.  These  control  patients  had  eveiy  procedure,  including 
a  mock  treatment  under  the  cohalt^  machine  in  exactly  the  same  way  as  the 
iri'adiated  patients. 

Thirty-eight  patients  participated  in  the  study.  The  gi'oup  consisted  of  l)oth 
private  and  clinic  ])atients.  The  duration  of  the  illness  ranged  fiom  four 
months  to  nineteen  years,  the  average  being  seven  years.  No  ptitient  was 
treated  during  or  shortly  after  an  acute  coronary  occlusion.  All  patients  were 
I'efractory  to  standard  therapies  and  had  persistent  angina  of  varying  de- 
grees. Three  patients  had  previously  undergone  radioactive  iodine  ablation  of 
the  thyroid.  One  patient  had  had  an  internal  mammary  ligation,  and  one 
patient  had  had  a  thoracotomy  with  installation  of  talc  in  the  pericardial  sac. 
The  ages  ranged  from  40  to  79  years,  the  average  being  59.  Thirty-one  pa- 
tients had  42  previous  hospitalizations  for  coronary  artery  disease.  Twenty 
members  of  this  group  had  26  hospitalizations  for  documented  infarction,  and 
eleven  members  had  16  hospitalizations  for  coronary  insufficiency  or  severe 
angina.  The  severity  of  the  disease  ranged  from  angina  on  moderate  effort  to 
angina  decubitus.  Nitroglycerin  requirements  were  from  zero  to  30  tablets  per 
day.  Several  patients  also  required  narcotics.  Thirty-six  were  ambulatory,  and 
two  were  hospital  in-patients. 

Each  patient  was  interviewed  and  examined.  An  electrocardiogram,  chest 
x-ray  and  blood  cholesterol  level  were  obtained.  Care  was  taken  to  exclude 
patients  in  whom  the  pain  might  be  due  to  some  other  cause,  such  as  a  hiatus 
hernia  or  anemia.  To  each  patient  it  was  explained  that  he  would  receive  ten 
sessions  of  cobalt  therapy  and  that  the  amount  of  treatment  given  would 
cause  him  neither  local  nor  systemic  reaction  and  w^as  safe  as  far  as  long- 
term  effects  were  concerned.  It  was  also  explained  that  the  method  of  treat- 
ment was  under  trial  and  no  assurance  was  given  that  their  clinical  condition 
would  certainly  improve.  Patients  were  unaware  of  the  double  blind  aspect 
of  the  study,  and,  in  the  case  of  private  patients,  so  was  the  referring  physician. 
The  sample  of  38  patients  was  stratified  into  clinic  and  private  status  patients 
and.  within  each  group,  selection  as  a  control  or  as  a  treated  patient  was 
made  in  a  random  manner. 

Each  patient  had  a  localization  x-ray  film  to  insure  that  the  anterior  field 
of  radiation  covered  the  whole  of  the  heart.  In  general,  a  field  13  X  13  cm  was 
adequate,  and  from  this  the  superior  lateral  quadrant  was  leaded  off  to  cor- 
respond with  the  left  border  of  the  heart.  Each  patient  was  set  up  under  the 
therapy  apparatus  by  a  radiotherapist.  In  the  irradiated  group,  a  peak  dose 
of  2250  rads  was  delivered  in  ten  equal  fractions  over  a  two-week  period. 
The  control  patients  lay  under  the  machine  for  an  equal  length  of  time  and 
the  shutter  was  opened  and  closed  instantaneously  at  the  beginning  and  end 
of  the  prescribed  time.  Neither  the  radiotherapist  nor  any  of  the  physicians 
in  clinical  contact  with  the  patient  knew  whether  the  patient  had  been 
exposed  to  radiation  or  not.  This  information  was  available  only  to  the  Direc- 
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tor  of  the  Department  of  Radiothera])y  and  the  Senior  Radiotherapy-  Assistant 
who  ('ontrolUnl  the  exposure  period.  Since  there  was  no  systemic  or  local 
reaction,  the  physicians  could  not  distinjiuish  control  from  treated  patients. 

RESULTS 

All  the  patients  were  followed  for  at  least  twelve  months  and,  on  the  average, 
were  interviewed  six  times  during  this  period.  Subjective  and  objective  ob- 
servations were  recorded.  The  nitroglycerin  intake,  the  walking  tolerance,  the 
frequency  and  duration  of  angina  attacks,  and  the  patient's  ability  to  work, 
were  the  factors  recorded.  Repeated  electrocardiograms  and  blood  cholesterol 
levels  were  done  and  showed  no  significant  change  from  the  pretreatment 
records.  Patients  were  told  that  the  purpose  of  the  interview  was  to  evaluate 
their  clinical  condition,  and  they  continued  to  visit  their  private  or  clinic 
physicians.  Independent  assessments  were  made  by  two  of  the  authors  (E.  S. 
and  H.  J.).  When  the  final  assessments  had  been  made,  the  key  to  the  study 
was  opened,  making  available  which  patient  received  the  radiation  and  which 
did  not.  The  individual  assessments  were  submitted  to  Professor  Bryan 
MacMahon  of  the  School  of  Public  Health,  Harvard  University,  and  we  are 
indebted  to  him  for  the  tabulation  (Table  I).  We  are  also  indebted  to 
Professor  Mac]\Iahon  for  the  following  commentary:  "It  needs  no  statistical 
test  to  determine  that  3  deaths  out  of  17  in  each  series  represent  no  signifi- 
cant difference,  or  that  5  improvements  out  of  15  do  not  differ  significantly 
from  3  out  of  11;  however,  neither  can  it  be  said  that  no  difference  exists;  it 
can  only  be  said  that  no  difference  has  been  demonstrated.  This  is  a  small 
numbers  problem  and  there's  nothing  to  be  done  about  it  other  than  to  wait 
until  more  patients  die,  increase  the  series,  or  preferably,  both." 

Notwithstanding  the  difficulty  in  assessing  the  patients  with  angina  pectoris, 
it  was  remarkable  that  there  was  such  a  degree  of  agreement  between  the  two 
independent  assessors.  No  harmful  effects  of  irradiation  were  observed  either 
during  the  administration  of  the  treatment  nor  in  the  follow-up  period. 

DISCUSSION 

This  trial  illustrates  the  necessity,  when  studying  patients  with  angina 
pectoris,  of  having  a  strictly  controlled  trial  with  adequate  numbers  of  pa- 
tients. It  is  interesting  that  as  many  as  six  out  of  eleven  control  patients 
admitted  to  some  improvement  following  the  procedure.  This  improvement 
must  be  related  to  the  natural  variability  of  the  anginal  syndrome  and  to 
the  psychological  effects  of  simulated  therapy.  In  retrospect,  it  is  obvious  that 
the  sample  was  much  too  small.  This  was  partly  because  we  did  not  expect  to 
have  such  a  high  proportion  of  improvements  in  the  control  group.  Two 
patients  exhibiting  the  best  response  are  worthy  of  commentary.  One  70  year 
old  female  with  angina  pectoris  of  five  years'  duration  and  one  hospitalization 
for  myocardial  infarction,  two  previous  courses  of  iodine  therapy,  received 
cardiac  irradiation  and  was  considerably  improved  one  year  later.  Another 
patient,  a  53  year  old  male  with  two  infarctions  and  angina  pectoris  of  ten 
years'  duration,  was  dramatically  improved  and  continued  to  be  so  during 
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tlic  following  your.  This  patient  was  in  the  contiol  gi-oup.  These  two  cases 
again  illusti'ate  the  difficulty  in  obtaining  accurate  evaluation  of  therajiy  for 
the  relief  of  angina  pectoris  and  coronary  disease. 

Whatever  be  the  effect  of  irradiation  on  the  coronary  vessels  of  patients 
with  angina,  it  cannot  be  shown  to  relieve  all  of  the  symptomatology  in  this 
small  grou])  of  patients.  This  group  of  patients  had  chronic  advanced  coronary 
arteiy  disease  over  a  |)iolonged  period  of  time.  The  degree  of  myocardial 
pathology  in  this  group  may  have  been  such  that  a  maximum  collateral 
circulation  had  already  been  established.  Whether  the  effect  of  radiotherapy 
on  the  muscle  is  to  reduce  the  catecholamine-induced  metabolic  hypoxia  as 
suggested  by  Raab  ( 10)  remains  to  be  seen.  In  the  past,  irradiation  of  the 
adrenals  had  been  used  with  this  in  mind. 

This  study  also  demonstrates  the  necessity  of  having  objective  evidence  of 
imjirovement  in  the  blood  supply  to  the  heart,  in  addition  to  the  usual  sub- 
jective evaluation.  Coronaiy  arteriography,  demonstrating  a  definite  increase 
in  the  collateralization  of  the  blood  supply  would,  of  course,  have  much  sig- 
nificance in  the  final  evaluation  of  the  result.  The  existence  of  a  placebo  effect 
cannot  be  stressed  too  frequently.  Without  objective  evidence  of  improvement 
of  blood  supply,  a  study  without  a  double  blind  methodology  cannot  be  taken 
too  seriously.  As  has  been  shown  in  this  study,  no  difference  has  been  demon- 
strated between  the  controlled  and  irradiated  groups.  This  does  not  neces- 
sarily mean  that  a  difference  does  not  exist.  A  follow-up  of  both  groups  for 
several  years  may  show  the  difference,  if  any.  One  cannot  deny  the  experi- 
mental evidence  of  a  difference  between  irradiated  and  non-irradiated  animals. 
Whether  a  common  effect  is  produced  by  anti-thyroid  therapy,  sympathectomy 
and  irradiation  of  the  heart,  is  a  study  worthy  of  consideration. 

SUMMARY  AND  CONCLUSIONS 

1.  A  group  of  38  patients  with  angina  pectoris  was  selected  for  a  controlled 
study  of  the  effect  of  radiotherapy  on  the  angina. 

2.  The  study  was  so  designed  that  half  the  patients  w^ould  act  as  controls. 
These  controls  had  every  procedure  in  exactly  the  same  way  as  the  treated 
patients. 

3.  All  patients  were  followed  for  at  least  tw-elve  months. 

4.  One  observer  noted  improvement  in  14  out  of  25  patients  examined  at  12 
to  19  months  following  true  or  mock  therapy. 

5.  No  difference  between  the  irradiated  or  control  groups  could  be  demon- 
strated. 

6.  The  need  for  controls  in  the  study  of  therai)y  for  angina  pectoris  is 
emphasized. 

7.  There  was  no  deleterious  effect  of  cardiac  irradiation  during  or  following 
the  administration  of  the  therapy. 
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(The  SigiiificaiK'o  of  Migraine) 

MARK  N.  OZER,  M.D.,  WALTER  SENCER,  M.D.,  am)  JEROME  BLOCK,  M.D. 

Neio  York,  N.  Y. 

Althotioh  i)atliologic  descri[)tion  of  vascular  mal formations  of  the  brain  may 
he  dated  from  Virehow  (1),  the  earhest  major  formuhition  was  made  by  Gush- 
ing and  Bailey  in  1928  (2).  It  is  felt  that  the  earliei'  distinctions  between  ven- 
ous and  ai'teriovenous  malformations  should  be  abandoned  (3).  It  is,  therefore, 
with  the  broad  group  of  vascular  malformations  that  this  report  will  deal. 
Such  malformations  were  considered  to  be  quite  rare  in  earlier  reports  from 
several  neurosurgical  centers  (2,  4,  5).  More  recently,  the  introduction  and 
widespread  use  of  arteriogra]ihy  has  permitted  the  more  adequate  delineation 
of  the  clinical  entity  (6-9). 

During  the  period  1949-1962,  65  patients  were  seen  in  whom  the  presence  of 
an  arteriovenous  malformation  presented  a  problem  in  diagnosis  and  manage- 
ment. Classification  of  these  cases  in  terms  of  the  patients'  initial  symptoms 
is  contained  in  Table  I  and  includes  subarachnoid  hemorrhage,  focal  seizures, 
generalized  seizures,  other  neurological  signs  and  sj^mptoms  and  "vascular 
headache  of  migraine  type." 

Note  has  often  been  made  of  the  presence  of  migraine  type  syndrome  in  these 
cases  (10-15).  It  has  been  suggested  that  the  malformation,  if  posteriorly 
placed,  may  simulate  migraine  syndrome,  and  that  the  connection  between 
the  vascular  malformation  and  migraine  has  been  presumed  to  be  a  causative 
one.  It  is  with  particular  interest  in  this  relationship,  and  in  the  prognosis  of 
those  patients  with  subarachnoid  hemorrhage,  that  this  study  was  undertaken. 

The  headache  group  has  been  delineated  in  accordance  with  the  suggestion 
of  the  Ad  Hoc  Committee  on  Classification  of  Headache,  Research  Advisory 
Council,  National  Institute  of  Neurological  Disease  and  Blindness  (16).  The 
"vascular  headache  of  migraine  type"  thus  includes  patients  with  both  "classic" 
migraine  and  "common"  migraine  or  "sick"  headache.  The  former  would 
describe  recurrent  attacks  of  headache,  commonly  unilateral,  associated  with 
anorexia  or  sometimes  nausea  and  vomiting,  with  sharply  defined  transient 
visual  and  other  sensory  or  motor  prodromata,  or  both.  The  latter  group  would 
not  have  striking  prodromata  and  would  less  often  be  unilateral. 

There  is  no  significant  sex  difference  in  this  series.  The  earliest  onset  of 
symptoms  was  at  age  two,  and  the  latest  at  age  sixty-two.  Symptomatology 
may,  therefore,  appear  rather  late  despite  the  presumably  congenital  nature  of 
the  malformation.  A  malformation  may  indeed  enlarge  wdth  increasing  age 
(17).  Case  j^ll  wdth  focal  seizures  (Table  III)  illustrates  this.  A  carotid 
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arttTiogiani  failed  to  demonstrate  a  malformation  initially,  but  did  so  when 
repeated  one  year  later. 

GROUP  A.  SI  BARACHXOID  HEMORRHAGE 

Thirty-four  (52%)  of  the  65  jiatients  first  presented  with  subarachnoid 
hemorrhajie  (Table  ID. 

The  usual  presentation  was  that  associated  with  intracranial  bleeding  of 
any  cause.  Focal  neurological  signs  were  found  in  22  cases  (65%).  Of  these 
22  cases,  11  had  intracerebral  hematoma  demonstrated  by  arteriography  or 
surgery.  Focal  abnormalities  on  electroencephalogram  w'ere  found  in  these  22 
cases.  In  patients  ^20  and  ^29  there  were  no  localizing  signs,  but  the  electro- 
encephalogram correctly  localized  the  malformation  as  later  demonstrated  on 
arteriography. 

No  attempt  was  made  to  sejiarate  deeply  placed  from  more  superficial  mal- 

TABLE  I 


Age  at  Time  of  Initial  Symptoms  {In  Retrospect) 


Total 

0-9 

10-19 

20-29 

30-;9 

40-49 

50-1- 

Group  A:  Subarachnoid  hemorrhage  

34 

2 

8 

8 

6 

7 

3 

Group  B:  Focal  seizure  

14 

1 

2 

2 

8 

2 

0 

(iroup  C:  Generalized  seizure  

6 

1 

2 

1 

1 

1 

0 

Group   D:  Other  neuroh)gical  .sign.s  and 

symptoms  

5 

0 

1 

1 

3 

0 

0 

Group  E:  \'ascular  headache — migraine  type. 

6 

0 

4 

1 

1 

0 

0 

Total  

65 

4 

17 

13 

19 

10 

3 

Male— 30. 
Female — 35. 


formations.  It  is  frequently  not  possible  to  delineate  the  full  extent  of  the  mal- 
formation by  arteriography. 

Treatment  in  these  cases  cannot  be  evaluated  adequately  because  of  the 
small  number  of  cases.  Sixteen  of  these  34  patients  underwent  surgery.  Four 
of  these  who  did  so  were  patients  with  intracerebral  hematoma.  One  patient 
underwent  carotid  ligation  while  in  extremis.  Cases  7^23  and  ^28  had  intra- 
cerebral hematoma  as  demonstrated  by  arteriography,  but  did  not  require 
surgery. 

GROUP  B.  FOCAL  SEIZURES 

Except  for  the  presence  of  intracranial  bruits  in  three  cases  (^6,  ?^12,  7^131, 
the  fourteen  patients  with  the  initial  symptom  of  focal  seizures  (Table  III) 
generally  could  not  be  differentiated  from  those  whose  focal  seizures  w'ere  due 
to  another  etiology.  Postictal  focal  phenomena  were  present  in  four  (30%  )  out 
of  the  14  cases  (^4,  j^9,  j^ll,  7^13).  Eleven  out  of  the  12  cases  which  had 
electroencephalography  had  findings  consistent  with  the  focal  quality  of  their 
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sym])tonis.  Case  ^]0,  wliicli  had  bitemporal  slowing,  left  greater  than  right, 
had  a  large  eollection  of  veins  at  the  conjunction  of  the  straight  sinus  and 
gi'cat  cerebral  vein. 

One  i)atient  I  ^13)  developed  spontaneous  hemorrhage  following  a  six-month 
history  of  focal  seizures.  Case  ^14  had  an  aura  ([uite  similar  to  that  of  "nii- 
giaine."  lie  had  episodes  of  "coloi'ed  lights"  in  front  of  both  eyes,  followed  by 
headache  with  nausea.  Occasionally,  he  would  then  go  on  to  feel  a  sf|ueezing 
sensation  in  his  "stomach,"  his  head  would  turn  to  the  right,  and  he  would 
have  a  generalized  con\ulsi()n.  This  patient  had  a  temporal-occipital  malfor- 
mation. 

GROUP  C.  GENERALIZED  SEIZURES 

Of  the  ,«ix  patients  with  the  initial  symptom  of  generalized  seizures  (Table 
IV),  case  ^5  had  jmstictal  focal  weakness.  Case  ^2  had  calcification  on  plain 
skull  x-ray.  Case  ^3  had  spontaneous  subarachnoid  hemori'hage  after  a  four- 
teen-year history  of  seizures. 

GROUP  D.  OTHER  NEUROLOGICAL  SIGNS  AND  SYMPTOMS 

Three  of  the  five  cases  (Table  V)  presented  with  homonymous  field  defects. 
Two  (:^1  and  :^3)  later  developed  spontaneous  hemorrhage.  Case  ^5  was  the 
only  case  in  the  entire  group  of  65  that  presented  with  a  bruit  alone. 

GROUP  E.  VASCULAR  HEADACHE 

It  is  with  the  group  of  vascular  headaches  that  we  shall  deal  in  some  detail. 

1.  D.H.,  (F).  Since  age  10,  episodic  headache  at  first  one  to  two  times  per 
year,  then  much  less  frecjuent.  Pain  woidfl  start  on  left  side  of  head,  then  over 
O.S.,  followed  by  loss  of  vision  in  upper  field,  and  then  nausea  and  vomiting. 
Entii'e  episode  would  last  several  hours.  At  age  23,  she  began  to  have  episodic 
twitching  of  the  right  cheek  with  numbness.  When  31,  she  had  four-hour  epi- 
sode of  staring  and  "silly  speech."  Two  years  later,  she  began  to  have  recur- 
rent episodes  during  which  "wrong  words  came  out"  and  shaking  of  right- 
sided  extremities.  Neurological  examination  was  normal.  Spinal  fluid  clear, 
protein  37  mg%.  Electroencephalogram  slow  activity,  mainly  left,  anterior  tem- 
poral. There  was  an  egg-shaped  calcification  on  skull  x-ray  IV2  inches  superior 
and  ])osterior  to  dorsum  sellae  on  left.  Left  carotid  angiogram  showed  large  mal- 
formation in  area  of  the  calcification  filling  from  middle  cerebral  artery,  filling 
from  right  side  as  well.  Pneumoencephalogram  showed  deviation  of  the  left 
temi)oral  horn  toward  the  midline  and  shift  of  the  left  lateral  ventricle  to  the 
right.  Patient  is  now  36  and  asymptomatic. 

2.  M.K.,  (F).  As  schoolgirl,  she  had  episodic  blurring  of  vision  in  right  field 
with  lightning  flashes  associated  with  frontal  headache,  followed  by  nausea 
and  vomiting.  Negative  family  history  for  migi-aine.  At  age  17,  she  had  first 
of  a  series  of  spontaneous  subarachnoid  hemorrhages,  eventually  totaling  eleven. 
These  were  characterized  by  photophobia  and  stiff  neck,  and  loss  of  conscious- 
ness. There  was  a  hiatus  between  age  28  and  43.  The  episodes  had  become  less 
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severe  recently,  but  she  did  have  an  ejjisode  of  speaking  irrationally.  On 
admission  la^e  47),  her  neui'()lo<>;i('al  examination  was  noi'mal.  Spinal  fluid  was 
xanthocliiomie,  protein  1(51  m<>;';/.  Klectroenceiihalojiram  was  normal.  Dining 
hospital  stay,  she  had  siiontaneous  suhai'aclinoid  hemorrhage  with  vi'^lit  hemi- 
paresis  and  liomonynious  field  defeet.  .\  left  hraehial  arterioffram  filled  mal- 
formation in  left  parietal  region,  as  did  right  earotid  angiogram.  She  icmains 
well  now,  age  48. 

3.  M.A.,  (M).  Age  37,  began  to  lun'c  recurrent  left-sided  headaches  with 
sensations  of  swelling  in  left  temi)oral  region,  laci'imation  of  O.S.,  and  stuffiness 
of  nose.  He  had  difficulty  reading.  He  would  occasionally  see  rainbows  around 
lights.  Would  occasionally  have  associated  nausea.  Episodes  would  last  sev- 
eral hours.  They  continued  until  age  43.  but  he  was  then  asymptomatic  vmtil 
age  44.  when  they  recurred.  On  neurological  examination,  he  had  blurred 
discs  bilaterally  and  right  homonymous  hemianopsia.  Electroencephalogram 
showed  slowing  in  left  temporal  occipital  region.  Spinal  fluid  colorless;  pres- 
sure 240;  protein  35  mg''"f.  On  arteriography,  left  carotid  filled  malfoi'uiation 
extending  from  posterior  frontal  to  occipital  area,  extending  from  midline  to 
l^eriphery.  Middle  cerebral  and  anterior  cerebral  arteries  were  not  well  de- 
lineated. No  follow-up. 

4.  L.F.,  (F).  Age  18,  left-sided  headache  preceded  by  blurring  of  vision, 
followed  by  nausea  and  vomiting.  Age  19,  had  spontaneous  subarachnoid 
hemorrhage.  There  was  temporal  occipital  slowing  on  left  on  electroencepha- 
lography. Spinal  fluid  was  normal.  Left  carotid  filled  small  temporal  occijutal 
malformation  from  parietal  branch  middle  cerebral  artery,  as  well  as  from 
posterior  cerebral  artery.  Now,  at  age  21,  she  has  continued  to  have  left-sided 
headache  two  to  three  times  per  month,  preceded  by  blurring  of  vision,  fol- 
lowed by  vomiting. 

5.  V.D.,  (F).  Age  19,  Ijegan  to  have  monthly  throbbing  left-sided  headache 
associated  with  spots  before  eyes  and  lacrimation  of  O.S.,  with  nausea  and 
\'omiting.  One  such  episode  lasted  an  entire  week.  At  29,  she  had  begun  to 
liave  episodes  of  loss  of  consciousness.  She  has  also  had  ejiisodes  of  incoherent 
mumbling  speech.  On  examination,  she  had  a  right  homonymous  quadrantanop- 
sia,  superior  quadrant  greater  than  inferior.  Bruit  was  heard  over  each  eye  and  in 
the  neck  bilaterally.  Spinal  fluid  was  clear,  protein  29  mg'~^.  There  was  slow 
wave  activity  left  anterior  leads.  Left  carotid  filled  malformation  in  temporal 
occipital  area.  Now,  age  33,  she  continues  to  have  monthly  seizures. 

6.  .I.e.,  (M).  Had  left-sided  headaches  for  many  years.  Age  43,  had  loss  of 
consciousness.  Age  44,  admitted  for  severe  occipital  headache.  Had  right  homon- 
ymous hemianopsia.  There  was  diminished  alpha  voltage  and  percentage  time 
on  left.  Spinal  fluid  was  normal.  Left  carotid  arteriogram  filled  large  a-v  mal- 
formation. Now,  age  45,  he  continues  to  have  headaches,  but  is  otherwise  well. 

Two  cases  ( ^2  and  ^4)  subsequently  developed  subarachnoid  hemorrhage. 
Cases  :^1  and  :^5  developed  focal  seizures.  In  the  two  remaining  cases,  head- 
ache was  the  presenting  complaint.  Both  these  patients,  on  neurological  ex- 
amination, had  homonymous  hemianopsia.  Electroencephalography  was  local- 
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iziiiii  in  four,  imd  ikhimmI  oi'  iionlociilizin^'  in  two.  An  intraci'anial  l)iuit  was 
heard  in  but  one  patient.  .Mmornial  calcification  on  plain  x-ray  occuri'cd  in 
one  case;  anotlier  had  an  ansj;i()ina  of  the  occipital  hone.  Cerebral  anfj;i()<i;rapliy 
denionsi i-ated  nial foi'niat ion.^^  of  the  temporal  parietal  ai'ea  in  thi'ee.  and  in  the 
teni|)oral  occipital  area  in  tlie  three  i'eniainin<f.  All  the.-^e  cases  wei'e  treated 
syniptoniatically  and  the  five  available  to  follow-up  arc  functioning  well. 

Di.scrssTOX 

Six  out  of  65  cases  of  vascular  malformation  had  "headache  of  vascular 
type"  as  an  initial  manifestation.  In  each  case  in  which  a  malformation  was 
demonstrated,  it  must  be  noted  that  there  were  other  neurological  sym])toms 
01'  signs.  During  this  same  period,  there  were  four  additional  cases  of  "head- 
ache of  vascular  type"  in  which  arteriography  was  felt  to  be  indicated  and 
was  performed.  The  headache  was  always  on  the  same  side  in  three  of  these 
cases;  it  was  bifrontal  in  the  fourth.  Two  of  these  had  visual  prodromata,  one 
had  sensory,  another  had  atypical  migraine  or  "sick  headache."  There  were 
no  findings  on  neurological  examination.  No  vascular  malformation  was  found 
in  these  patients.  In  23  selected  cases  of  300  patients  with  the  "migraine  syn- 
drome," similarly  studied  with  arteriography,  again  no  malformations  were 
found  (18). 

In  those  patients  with  "headache  of  vascular  type"  who  did  have  vascular 
malformations,  the  latter  always  involved  the  temporal  or  parietal  occipital 
regions.  It  may  be  expected  that  posteriorly  placed  lesions  involving  the  visual 
system  would  present  with  the  visual  symptoms  of  migraine.  It  is  more  difficult 
to  understand  when  the  headache  was  not  that  of  classical  migraine  and  had 
no  visual  or  other  prodromata.  Indeed,  the  pathophysiology  of  the  headache 
per  se  in  these  patients  remains  unclear. 

In  addition,  posteriorly  placed  malformations  seemed  to  correlate  with  the 
homonymous  field  defects  found  in  three  and  #4)  of  the  patients  in 

Group  D,  as  well  as  patient  :^14  in  Group  B  (D.A.),  with  visual  phenomena 
and  headache  as  an  aura  of  a  generalized  seizure.  However,  there  were  many 
patients  in  whom  the  presence  of  malformation  involving  the  temporal,  pari- 
etal, occipital  regions  was  not  associated  with  either  headache  or  visual  signs 
or  symptoms  (Group  A— 7^3,  7^7,  ^11,  ?^14-19,  ?^21-23,  7^26,  :^27,  mO; 
Group  B—m,  7^6,  7^8-10,  ^12;  Group  C— ?^l-3,  m;  Group  D— 7^31.  Visual 
phenomena  may  indeed  appear  to  be  unrelated  at  all  to  these  areas.  Among 
the  patients  initially  presenting  with  subarachnoid  bleeding  (Group  A) ,  case 
^34  developed  visual  phenomena  with  episodes  of  intracerebral  bleeding  in 
the  presence  of  a  frontal  pole  malformation.  Visual  symptoms,  albeit  different, 
were  precipitated  during  angiography  as  his  vertebral  basilar  system  was 
studied  via  subclavian  artery  catheterization. 

Of  the  large  number  of  patients  one  may  see  in  clinical  practice  with  the 
syndrome  of  "headaches  of  vascular  type,"  very  few-  indeed  may  be  found  to 
have  their  symptoms  secondary  to  a  vascular  malformation  in  the  posterior 
portion  of  the  brain.  In  the  65  cases  here  described,  there  were  but  six  cases 
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with  'iicadaches  of  vascular  type"  as  an  initial  symptom.  In  all  these  patients, 
there  were  other  significant  neurological  symptoms  and  signs.  Although  these 
cases  had  posteriorly  placed  lesions,  there  were  many  otlier  patients  with 
similar  findings  on  angiography  without  symptoms  of  vascular  headache. 
It  would  appear  that  "vascular  hcadaclies"  and  posteriorly  placed  vascular 
malformations  are  not  necessarily  related.  A  patient  with  migraine  alone  would 
not  appear  to  require  investigation  for  a  vascular  malformation. 

The  survival  time  post  initial  hemorrhage  cannot  be  stated  definitively  be- 
cause of  the  relatively  short  follow-up  in  many  of  our  cases.  Follow-up  data  is 
available  on  twenty-three  patients.  Twelve  are  well  in  the  first  five  years  after 
hemorrhage.  Nine  are  well  five  to  ten  years  after  bleeding.  Two  have  had  no 
subsequent  hemorrhage  twenty-four  and  thirty-one  years  after  the  initial  epi- 
sode. Twenty-five  out  of  the  total  of  forty  patients  had  but  one  episode.  Four 
jiatients  died  from  the  initial  hemorrhage;  four  others  had  significant  mor- 
bidity (defined  as  inability  to  care  for  self  due  to  neurological  involvement). 
Of  those  with  subsequent  hemorrhages,  the  interval  between  the  initial  episode 
and  the  one  productive  of  significant  morbidity  or  mortality  was  variable: 
three  months,  one  year,  two  years,  three  years,  eight  years.  Four  patients  died 
with  the  second  episode;  two  additional  ones  had  significant  morbidity.  Three 
patients  went  on  to  die  following  subsequent  hemorrhages.  Case  (Group 
A)  survived  thirty-four  presumed  episodes,  many  of  which  were  documented, 
over  a  thirty-four  year  period  without  significant  residua.  At  age  43,  following 
her  twenty-first  episode,  carotid  ligation  was  performed.  She  continued  to  have 
episodes  of  intracranial  bleeding  and  died  at  age  50,  following  her  thirty-fifth 
episode. 

Case  (Group  A)  had  a  twenty-four  year  interval  between  two  hemor- 
rhages and  remains  well  six  years  after  the  last  episode.  Case  :^19  (Group  A) 
has  had  at  least  seven  episodes  and  remains  well  fourteen  years  post  initial 
hemorrhage.  Case  ^2  (Group  E)  has  had  eleven  episodes  over  a  thirty-year 
period  and  remains  well. 

Of  a  total  of  forty  patients  with  subarachnoid  hemorrhages,  eleven  (28%) 
died.  Four  additional  cases,  who  remain  alive,  have  significant  morbidity. 
Thus,  fifteen  out  of  forty  (37%)  were  dead  or  significantly  disabled  on  short- 
term  follow-up.  An  additional  patient  died  during  the  postoperative  period, 
following  ligation  of  the  carotid  artery  in  an  attempt  to  control  frequent 
seizures.  Total  mortality  or  significant  morbidity  related  to  disease  in  our 
series  is  sixteen  out  of  sixty-five  patients  (25%). 

CONCLUSIONS 

1.  Cerebral  vascular  malformations  may  present  as  subarachnoid  hemor- 
rhage, focal  seizures,  or  generalized  seizures. 

2.  There  does  not  seem  to  be  any  correlation  between  migraine  headaches 
and  vascular  malformations  of  the  brain.  The  patient  with  migraine  alone 
does  not  appear  to  recjuire  investigation  unless  he  develops  other  neurological 
signs  or  symptoms. 


CKUKimAL  VASCl'LAH  MALKOKMATIONS 


3.  Vascular  iiialforniations  whicli  cause  subarachnoid  liciiiorrha^c  had  an 
c\-cntual  iiiortaHty  rat(>  of  eleven  out  of  forty  palieiils.  l^'our  additional  pa- 
tients liad  severe  niorlii(niy.  Ahlioii;j;h  patients  may  ha\'f  repeated  hleediiif^ 
episodes  witliout  se(|uelae,  the  uhiniale  proj^nosis  is  liiiai'deil. 
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Appeiidieo-Yesical  Fistula 


STANLEY  EDELMAN,  M.D. 
New  York,  N.  Y. 

Intestinal  vesical  fistula  is  a  recognized  complication  associated  with  such 
diseases  as  diverticulitis  of  the  colon,  regional  enteritis,  carcinoma  and  trauma. 
In  the  reported  cases  of  intestinal  vesical  fistula,  the  colon  is  involved  most 
frequently,  with  the  ileum  and  appendix  following  in  that  order. 

Kellogg  (1)  in  a  review  of  592  cases  of  intestinal  vesical  fistula  was  able 
to  identify  the  source  of  the  fistula  as  follows:  sigmoid  colon  63%,  rectum 
16%,  ileum  4%  and  appendix  4%.  The  appendix  accounted  for  27  cases  (Table 
I).  Higgins  (2)  reported  a  series  of  382  cases  of  intestinal  vesical  fistulas  and 
documented  13  cases  (3.5%)  as  appendico-vesical  fistulas.  In  a  recent  review 
of  the  literature,  Fitzpatrick  (3)  compiled  49  cases  of  authenticated  appendico- 
vesical  fistulas  and  added  two  of  his  own. 

CASE  REPORT 

L.C.  (MSH  :i^221704)  was  a  41  year  old  white,  married,  native-born  tele- 
vision rejiairman  admitted  to  The  Mount  Sinai  Hospital  on  May  12,  1963, 
with  a  three-month  history  of  intermittent,  dull  lower  abdominal  discomfort. 
Two  months  prior  to  this  admission  he  had  first  noted  a  foul  odor  to  his  urine. 
He  was  admitted  to  another  hospital  where  cystoscopy  and  cystogram  study 
were  reported  to  be  within  normal  limits.  Urine  culture  was  positive  for  E. 
coli.  A  barium  enema  examination  revealed  the  presence  of  barium  and  air  in 
the  urinary  bladder  but  no  fistulous  communication  could  be  identified.  There 
was  marked  diverticulosis  noted  involving  the  left,  the  right  and  the  distal 
transverse  colon.  He  was  treated  with  appropriate  antibiotics  and  his  symp- 
toms cleared. 

Within  two  weeks  he  had  an  exacerbation  of  symptoms  and  he  was 
admitted  to  The  Mount  Sinai  Hospital.  Cystoscopy  was  repeated  as  was  the 
cystogram  but  both  failed  to  reveal  any  fistulous  tract.  Barium  enema  exami- 
nation was  performed  and  diverticulosis  was  again  noted  with  the  recto-sig- 
moid  in  spasm  (Figs.  1,  2).  A  low-lying  cecum  was  also  reported  and  a  short 
segment  of  the  appendix  was  visualized.  No  definite  communication  with  the 
urinary  bladder  could  be  demonstrated  although  barium  and  air  were  visual- 
ized in  the  urinary  bladder  on  two  barium  enema  examinations  (Figs.  1,2). 

The  patient's  past  history  failed  to  uncover  any  preceding  signs  or  symp- 
toms compatible  with  an  attack  of  acute  pelvic  appendicitis. 

Physical  examination  revealed  a  mildly  obese  white  male  in  no  acute  dis- 
tress. Vital  signs  were:  blood  pressure  140/80,  pulse  80,  respirations  16,  tem- 
perature 99.0°.  The  entire  physical  examination  was  within  normal  limits. 
Rectal  examination  and  sigmoidoscopy  to  25  cm  were  normal. 

From  the  Department  of  Surgery,  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 
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Luhonitoi-y  cxaiiiiiint ion  included:  liciiioj^ldliiii  15.4  (ini,  \\  B('  7,900  with  a 
iiorinal  diftcrciitial  count,  urinalysis  noiin.al,  lU'X  14  ni^9f,  FBS  98  mi^%, 
alkaline  pliosi)liatase  8.8  n\g%. 

The  patient  mulenvent  surgery  for  an  intestinal  vesical  fistula  on  May  IG, 


TABLl']  I 

Dociiiiii  iilcil  ('(ises  of  Appendico-Vesicul  Fi.shtln 


Authors 


Kellogg  (1)  

Higgins  (2) 

Peiiiberton,  Pool  ;ind  Miller  (4) 

Hyman  and  Capos  (5)  

Fitzpatriek  (3)  

Parton  (6)   


Reported  Cases 


27 
13 

5 

3 

2 

1 

51  cases 


Fig.  1.  An  visualized  in  urinarv  bladder  on  bariinu  enema  exanunation. 


1963.  The  abdomen  was  entered  via  a  left  rectus  muscle  retracting  incision.  A 
mass  was  noted  in  the  pelvis  which  incorporated  the  sigmoid  colon,  the  dome 
of  the  bladder  and  the  cecum.  There  was  mai-ked  diverticulosis  of  the  sigmoid 
and  descending  colon  with  much  less  involvement  of  ascending  colon  and  the 
distal  tran.sverse  colon.  The  sigmoid  colon  was  dissected  free  from  its  lateral 
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peritoneal  attachinent  and  traced  to  tlie  mass.  The  sigmoid  was  dissected  free 
from  tlic  mass  and  it  was  apparent  that  there  was  no  communication  to  the 
urinaiy  hladdcf  tVoin  the  sigmoid  colon.  'Hie  cecum  was  then  mobilized  and  on 
tracing  it  down  to  the  mass  it  was  noted  that  it  was  intimately  attached  to  the 
sui>erioi-lateial  portion  of  the  bladder  wall.  The  base  of  the  appendix  was 
identifieil  ;uid  dissrcted  fi'ee  for  2  cm  but  the  remaining  portion  of  the  appendix 


Fig.  2.  Air  and  barium  visualized  in  urinary  bladder  on  post-evacuatiun  liaruun  enema  ex- 
amination. Note  lo\v-f\'ing  position  of  cecum. 

was  seen  to  be  deeply  imbedded  in  the  wall  of  the  bladder.  The  appendix  was 
transected  at  its  base  after  the  appendiceal  vessels  had  been  clamped,  divided 
and  ligated.  It  was  decided  to  leave  the  remainder  of  the  appendix  in  situ 
rather  than  jierform  a  partial  cystectomy.  There  was  no  evidence  of  infection 
or  abscess  formation.  Drains  were  placed  to  the  pelvis  and  brought  through 
the  lower  portion  of  the  wound.  The  abdomen  was  closed  with  interrujited 
figure-of-eight  ?^30  stainless  steel  wire  sutures,  and  the  skin  apiiroximated  with 
interrupted  silk  sutures. 
The  patient's  postoperative  course  was  uneventful  and  he  was  discharged 


APPENDICO-VESICAL  FISTULA 


427 


hoiiic  (in  the  ci-^lilli  postopri-.'it i\-c  day.  He  has  rcsumiMl  lii>  iioniial  lull  actix'i- 
tics  ami  has  had  no  further  syiujiloius  tliiilccn  mouth-  lollowiuii  o|  )cial  iou, 

DISCUSSION 

The  mortality  rate  for  acute  a]ipendicitis  has  steadily  decreased  in  iccent 
years.  In  19.")."),  ai)proxiniately  5,000  deaths  from  acute  ajipendicitis  were  ic- 
corded  in  the  United  States,  a  mortality  rate  of  1.4  per  100,000  ])opulation  I7l. 
In  1961,  i(M'orded  deaths  from  acute  appendicitis  decreased  to  1819  cases,  a 
mortality  rate  of  1.0  per  100,000  i)oi)ulation  (81.  The  comiilications  of  jierfora- 
tion  and  j)eritonitis  accounted  for  most  of  the  (lealh>  in  cases  of  acute  ap- 
pendicitis, whereas  cases  without  pei'foratiou  were  associated  with  pi'actically 
no  mortality  (9) . 

The  well-described  type  of  appendicitis  presentin<i  with  generalized  aiidomi- 
nal  ])ain  later  localizing  to  the  right  lower  quadrant  associated  with  nausea, 
\-omiting,  anorexia  and  low  grade  fever  is  usually  diagnosed  early  in  the 
course  of  the  illness.  However,  the  acute  pelvic  type  of  appendicitis  may  go 
undiagnosed  unless  tenderness  is  elicited  in  the  pelvis  on  rectal  examination. 
Concomitant  onset  of  diarrhea  should  raise  the  index  of  suspicion  for  acute 
pelvic  aiipendicitis.  It  is  this  type  of  appendicitis  which  undetected  may  go  on 
to  appendico-vesical  fistula.  Should  perforation  ensue  and  abscess  formation 
develop,  it  is  not  uncommon,  particularly  in  the  male,  for  the  urinary  bladder 
to  form  a  part  of  the  abscess  wall.  Thus,  appendico-vesical  fistula  results  by 
the  adherence  of  the  distal  portion  of  the  appendix  to  the  bladder  wall,  and  the 
formation  of  the  ensuing  inflammatory  process.  As  noted  in  Table  I,  this  compli- 
cation of  perforated  appendicitis  is  cjuite  rare  having  only  been  recorded  in  .51 
jirevious  cases  (  3 ) . 

Perforation  into  the  urinary  bladder  is  dependent  on  a  combination  of  ana- 
tomical variables:  1)  low-lying  cecum,  2)  a  relatively  long  appendix,  3)  ad- 
herence of  the  tip  of  the  appendix  to  the  wall  of  the  bladder,  4)  perforation  of 
the  appenchx,  5)  abscess  formation  with  bladder  wall  comprising  portion  of 
abscess  formation,  6)  continued  inflammation. 

Symptoms  of  appendico-vesical  fistula  fall  into  two  categories:  1)  gastroin- 
testinal symptoms  simulate  those  of  an  acute  pelvic  appendicitis  and  may 
develop  into  bizarre,  vague,  lower  abdominal  pains  and  later  bowel  habit 
changes  if  surgery  is  not  performed.  It  is  possible  that  intestinal  obstruction 
may  ensue  if  loops  of  small  bowel  become  markedly  involved;  2)  genito-uri- 
nary  symptoms  may  vary  from  mild  complaints  of  frequency  to  those  of 
marked  cystitis  complicated  by  pneumaturia,  fecaluria,  hematuria,  and  signs 
of  ascending  urinary  infection.  It  is  not  unusual  for  the  urologist  to  discover 
the  intestinal-vesical  fistula. 

Many  of  these  patients  may  go  unrecognized  for  long  intervals.  Mayo  (10) 
noted  an  average  of  18.5  months  of  symptoms  in  48  cases  prior  to  diagnosis. 
Hyman  (5)  had  one  patient  with  a  two  and  one-half  year  history  of  symp- 
toms and  another  patient  with  a  preceding  history  of  eight  months. 
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The  preiloniinance  of  intestinal-vosical  fif^tulas  in  the  male  patient  is  ap- 
l)roxiinately  three  times  tliat  in  the  female  patient.  This  is  usually  explained 
liy  notint:  the  anatomical  inteiposition  of  the  uterus  between  the  hhulder  and 
the  rectum  in  the  female.  Parton  UJl  was  able  to  verify  the  sex  of  the  patient 
in  23  cases  of  ai)pendico-vesical  fistula  and  noted  that  19  (SS'c)  were  male. 

In  the  diagnosis  of  an  intestinal-vt'sical  fistula,  barium  enema,  cystoscopy 
with  cystofiram.  and  the  use  of  a  contrast  medium  such  as  indigo  carmine  are 
most  helpfid.  The  barium  enema  may  reveal  the  fi.stulous  tract.  However,  a 
negative  examination  does  not  rule  out  such  a  tract.  The  fistulous  tract  may 
I)e  of  a  l)all-valve  tyi)e  and  allow  both  barium  anil  air  to  enter  (Figs.  1,  2 1 
without  outlining  the  connnunication.  Four  barium  enemas  were  performed 
on  the  reported  patient.  All  revealed  barium  and  air  in  the  m'inai'y  l)la(ldei'. 
but  none  re-\-eale(l  any  fistulous  tract.  The  use  of  cinera(liograi)hy  tcchniciues 
may  j^et  prove  helpful  in  outlining  such  a  communication  in  future  cases. 

Cystoscopy  may  furnish  a  clue  to  the  area  of  fistulization  by  noting  the 
region  of  mucosal  injection  and  edema.  However,  it  is  not  a  simjile  task  to 
localize  this  region  when  there  is  generalized  infection,  marked  edema  and 
inflammatory  changes  in  the  bladder.  The  cystogram  may  assist  in  establish- 
ing the  diagnosis  should  it  reveal  the  site  of  external  pressure,  or  should  the 
dye  outline  the  fistula.  Similarly,  recovery  in  the  stool  of  indigo  carmine 
instilled  in  the  bladder  may  confirm  the  diagnosis  of  intestinal-vesical  fistula. 

SUMMARY 

Appendico-vesical  fistula  is  a  rare  type  of  intestinal-vesical  fistula  with 
only  51  previously  reported  cases.  Approximately  4%  of  intestinal-vesical 
fistulas  arise  from  the  appendix.  The  usual  pathogenesis  of  such  an  appendico- 
vesical  fistula  is  unrecognized  acute  pelvic  appendicitis  which  goes  on  to  per- 
foration, abscess  formation,  continued  inflammation  and  ensuing  perforation 
into  the  urinary  bladder.  Anatomically,  a  low-lying  cecum,  relatively  long 
appendix,  adherence  of  appendiceal  tip  to  bladder  wall  and  abscess  formation 
incorporating  part  of  bladder  wall  favor  this  complication. 

^Mortality  rate  for  acute  appendicitis  has  fallen  from  almost  5,000  deaths  in 
the  United  States  in  1955  to  1819  deaths  in  1961,  a  rate  of  1.0  per  100,000 
population.  It  is  evident  that  most  of  these  deaths  were  from  comjilications  of 
perforation  and  peritonitis. 
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Carl  Roller  and  Cocaine 


BURRILL  B.  CROHN,  M.D. 

New  York,  N.  Y. 

Tlie  adaptation  of  the  local  anesthetic  properties  of  cocaine  to  surgical  pro- 
cedures upon  the  eye  was  the  epoch-making  discovery  of  Dr.  Carl  KoUer  in 
1884.  Very  recently  his  daughter,  Hortensc  KoUer  Becker  has  written  and  had 
published  in  the  Psychoanalytic  Quarterly*  a  vivid  portrayal  of  the  life  of  her 
father  in  Austria  during  his  younger  years  and  the  social  and  professional  and 
academic  surroundings  in  which  the  great  achievement  was  accomplished.  It 
is  a  beautifully  written  manuscript  composed  with  the  accuracy  and  the  de- 
votion of  a  lo^•ing  daughter,  and  based  upon  a  mass  of  voluminous  letters 
carefully  preserved  and  found  only  after  his  decease. 

In  his  later  life  Carl  Roller  served  for  many  years  as  Attending  Ojjhthal- 
mologist  at  Mount  Sinai  Hospital.  To  those  of  us  who  remember  his  vi^•id 
personality  the  discovery  in  his  youth  of  the  local  topical  use  of  cocaine  con- 
stitutes a  fascinating  story. 

Roller  was  born  in  Schuttenhofen,  then  Austria,  on  December  3rd,  1857,  and 
was  educated  in  medicine  at  the  University  of  Vienna.  His  lifetime  encom- 
passed most  of  the  great  discoveries  of  medicine,  asepsis,  anesthesia,  vaccines, 
antibiotics  and  advanced  surgical  facilities.  At  the  age  of  nineteen  he  was  ma- 
triculated as  a  student  of  medicine  at  the  University  of  Vienna  with  the  facili- 
ties of  the  renowned  Allgemeine  Rrankenhaus  for  the  study  of  the  clinical 
material.  Very  early  he  demonstrated  his  acquisitive  faculty  toward  original 
thought  and  research  publishing  an  extensive  study  on  the  development  of  the 
embryological  mesoderm  in  man  and  animals.  Throughout  his  early  life  in 
Vienna  he  was  closely  associated  with  Sigmund  Freud  as  a  personal  friend 
with  whom  he  worked  and  thought  and  corresponded  throughout  these  years. 

Freud  was  much  interested  in  the  pharmacological  effects  of  the  coca  leaf 
obtained  from  the  coca  plants  grown  in  Peru  and  used  by  the  Indians  in  the 
high  plateaus  of  the  Andes  for  its  stimulatory  effect  when  chewed,  overcoming 
fatigue.  Freud  had  tried  the  use  of  the  leaf  drug  as  a  substitute  for  morphine 
in  an  addict  suffering  from  trigeminal  neuralgia.  The  general  effects  of  the 
coca  leaf,  and  of  cocaine  (separated  as  an  alkaloid  in  1856)  were  well  known. 
The  local  numbing  effects  of  cocaine  on  the  lips  and  tongue  had  been  noted  and 
also  dilatation  of  the  pupils  of  the  eye  (Von  Anref).  Freud  urged  Roller  to 
experiment  with  cocaine,  to  take  it  by  mouth  and  observe  the  effects  generally 
and  locally.  But,  Roller  who  had  always  shown  a  preference  for  ophthalmol- 
ogy, conceived  the  idea  of  studying  the  effects  of  cocaine  on  the  eye.  Instilling 
a  drop  of  cocaine  solution  into  the  eye  of  a  frog,  Roller  noted  that  all  sensi- 
bility in  the  eye  was  lost,  the  cornea  could  be  rubbed  and  gently  abraised 

*  Hortense  Koller  Becker:  The  Psychoanalytic  Quarterly,  32:  309,  1963. 
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widiout  clicititiii;  (he  \vinkiii<i;  I'cllcx.  Much  st;irt  Icil,  lie  inslillcd  llic  soliiliou 
into  his  own  eve  aiul  that  of  a  fellow  workci-  coi-i-olxirat iii<z;  the  lindiiiti;  that 
coiiipli'te  anesthesia  was  thus  attained  even  aj2;ainst  ruhhinii;  colteii  hlxTs  ox'ci' 
tile  eye  sui'faoe  and  even  indenting  tlie  cornea. 

'idle  first  paper  on  the  use  of  cocaine  on  tlie  eye  was  read  at  the  licide]l)erg 
Oplithahiiologicai  Society  on  September  15th,  1884,  tlie  pa])er  actually  being 
read  in  absentia  by  liis  associate,  Dr.  Josef  Bi'ettauer  of  Trieste.  The  remark- 
al)le  discovery  was  rapidly  disseminated  thiough  the  scientific  world,  hailed 
and  accepted  immediately  as  a  great  boon  to  humanity.  From  all  over  the 
woi'ld  letters  pointed  in  and  the  extension  of  the  use  of  cocaine  to  the  nose, 
pharynx,  and  larynx  was  soon  ado|)te(l.  Koller's  fame  abroad  ami  in  tlie  United 
States  was  widespread. 

In  spite  of  his  world-wide  scientific  accreditation  Koller  had  in  \'ienna  many 
enemies  as  well  as  friends.  "He  was  not  only  a  Jew  (in  itself  a  drawback  to 
promotion  in  the  University)  but  a  difficult  tempestuous  young  man,  one  who 
never  could  be  compelled  to  speak  diplomatically  even  for  his  own  good." 

He  had  served  his  compulsory  military  training  in  the  Austrian  Army  in 
1876  as  an  Oberarzt  in  the  Army  Reserve.  One  day  (1885)  at  the  General 
Hospital  a  patient  was  brought  in  by  stretcher  with  a  bandaged  injured  finger. 
The  young  Koller  perceiving  the  bandage  to  be  constricting  the  digital  circula- 
tion attempted  to  loosen  the  bandage  when  one  of  Billroth's  assistants  hurled 
at  him  an  insult  that  sounded  like  "Impudent  Jew."  A  resounding  box  on 
the  ear  was  the  immediate  reflex  answer.  A  duel  with  sabers  was  arranged 
as  a  necessary  sequel.  Sharp,  thin  light  blades  were  chosen;  no  bandages  to 
be  used,  and  the  right  to  continue  until  one  or  the  other  party  was  unable  to 
defend  himself.  On  the  third  round  of  thrusts  Koller  wounded  his  opponent  on 
his  head  and  right  arm,  sufficiently  severely  to  terminate  the  duel ;  honor  was 
appeased.  Koller  had  never  had  the  slightest  experience  in  dueling,  had  time 
to  take  only  one  hasty  lesson ;  one  of  his  seconds  was  Dr.  Sigmund  Lu.stgarten 
(in  later  life  Attending  Dermatologist  at  The  Mount  Sinai  Hospital  in  this 
city) . 

Anti-Semitism  was  particularly  rife  in  Austria  at  this  time,  and  Koller  soon 
realized  that  now  all  hope  of  advancement  was  more  or  less  nullified.  He 
left  for  Utrecht,  Holland,  on  the  suggestion  of  his  close  friend  Freud,  later 
immigrating  to  London  in  the  hopes  of  achieving  an  appointment  in  ophthal- 
mology, again  with  disappointment;  in  1888  he  came  to  America  and  lived  in 
the  U.S.A.  for  fifty-six  years  until  his  death  in  1944  at  the  age  of  eighty-seven 
years. 

In  1901  he  was  appointed  Adjunct  Attending  Ophthalmologist  and  Aural 
Surgeon  at  Mount  Sinai  serving  under  the  renowned  Dr.  Emil  Gruening 
(father  of  the  present  Senator  from  Alaska)  ;  from  1909  to  1920  he  was  At- 
tending Ophthalmologist  at  this  Hospital. 

Honors,  many  honors,  well  deserved,  came  to  this  extremely  modest  man 
later  in  his  life;  in  1922  the  Howe  Medal  of  the  American  Ophthalmological 
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Association;  the  Kiissmaiil  Modal  of  the  Heidelberg  Medical  Faculty  (1929)  ; 
Medal  of  Honor  of  the  New  York  Academy  of  :Medicine  (1930) ;  the  Medal  of 
Honor  of  the  American  Academy  of  Ojihthalmology  and  Otology  ( 1934). y 

Personal  Note:  As  an  intern  in  1908  and  1909  I  had  the  honor  to  serve  un- 
der Roller  in  the  Dcjiartment  of  (Ophthalmology  at  Mount  Sinai  Hospital, 
and  also  under  Sigmund  Lustgarten  in  the  Dejiartment  of  Dermatology.  Roller 
was  an  upright  man  of  extreme  intelligence  with  a  broad  scientific  interest. 
He  was  direct,  always  outspoken,  frank,  often  critical,  always  just  and  al- 
ways kindly.  He  was  a  com[ietent  surgeon  who  brooked  no  false  ideas  and  who 
quickly  recognised  fallacious  reasoning  or  pseudoscientific  quibbles.  His 
humour  was  delightful,  he  was  often  whimsical  and  impatient,  at  times  ironic 
and  sardonic.  He  was  a  true,  cultured  gentleman,  reliable,  fearless,  direct. 
He  despised  insincerity  in  medical  practice.  He  lived  to  old  age,  with  wide 
interests  in  ]ihysics,  geography,  mountain  climbing,  astronomy,  polar  expedi- 
tions, history  and  travel. 

The  Mount  Sinai  Hospital  was  thus  twice  the  benefactor  of  the  anti-Semitism 
of  Austria  of  the  last  century,  being  ennobled  by  the  presence  of  two  such 
great  scholars  as  Roller  and  Lustgarten.  Sad  that  this  country  did  not  also 
have  the  honor  of  receiving  into  its  presence  Sigmund  Freud  himself. 

t  Obituary  of  Carl  Koller,  by  Percy  Friedenberg,  J.  of  the  Mt.  Sinai  Hosp.,  11 :  308,  1945. 
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Use  of  the  Intraa'enous  Catheter  for  Pericaruio(;entesis 
AND  Thoracentesis 

PAUL  A.  KIRSCHNER,  M.D.,  and  B.  (iKOHGE  VVISOFK,  M.IJ, 
.  New  York,  N.  V. 

Percutaneous  introduction  of  plastic  catheters  into  blood  vessels,  body  cav- 
ities, heart  chambers,  subarachnoid  space  and  other  areas  has  received 
widespread  approval.  The  ubiquitous  sterile  intravenous  catheter  unit*  has 
already  been  adapted  to  the  aspiration  of  ascitic  fluid  and  pneumothorax. 


Fig.  1A.  Subxiphoid  percutaneous  pericardial  puncture  with  needle  (catiieter  within 
needle). 

Fig.  IB.  Catheter  has  been  advanced  into  pcriciiili'd  cavity.  Needle  has  been  withdrawn. 
Note  fle.xibility  of  catheter  as  it  rests  adjacent  to  lux  ncardium. 

However,  jileural  and  pericardial  effusions  are  usually  "tapped"  using  rigid 
needles.  The  dangers  of  lacerating  the  underlying  lung  or  heart,  the  necessity 
for  prolonged  innuoliility  of  the  patient  and  the  physician,  and  the  relatively 
fixed  position  of  the  needle  point  in  tlie  cavity  are  well  known. 

Introduction  of  a  plastic  catheter  through  a  needle,  subsequently  with- 
drawing the  needle  and  attaching  the  hub  of  the  catheter  to  a  three-way 
stopcock  obviates  the  above  mentioned  difficulties.  The  flexible  catheter  cannot 
damage  the  lung  or  the  heart;  it  can  be  advanced  or  withdrawn  for  more 
thorough  aspiration  of  fluid;  and  it  can  be  fixed  in  situ  for  prolonged  or  inter- 
mittent asjuration.  The  patient  and  physician  are  granted  more  mobility  and 
comfort. 

From  the  Division  of  Cardio-thoracic  Surgery,  Department  of  Surgery,  The  Mount  Sinai 
Hospital,  New  York,  N.  Y. 

*  Venocath  (R)  (Abbott).  Intracath  (R)  (C.  H.  Bard). 
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These  advantages  have  manifested  themselves  in  the  cHnical  practice  of 
The  Moimt  Sinai  Hospital  during  the  past  eighteen  months.  No  contraindica- 
tions liin'c  lu'cn  observed. 
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Radiological  Notes 


CLAUDE  BLOCK,  M.D.,  and  HARVEY  M.  PECK,  M.D. 
New  York,  N.  Y. 

CASE  NO.  240 

SITBMITTf:D  BY  PHILIP  LEVIN,  M.D. 

This  50  year  old,  right-hand  mak'  was  admitted  to  The  Mount  Sinai 
Hospital  in  1961  because  of  a  progressive  left  visual  field  defect  of  seven 
months'  duration. 


Case  240,  Fig.  1A.  Anterior-posterior  projection  of  carotid  angiogram.  Arrow  indi- 
cates the  Artery  of  Bernasconi  and  Cassinari  (tentorial  meningeal  artery).  It  apparently 
originates  from  the  intracavernous  portion  of  the  internal  carotid  artery.  With  an 
undulating  course  it  winds  medially  and  upward. 

From  the  Department  of  Radiology,  The  Mount  Sinai  Ho.spital,  New  York,  N.  Y. 
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KADIOLOCICAL  NOTES 


In  Decembor  1956  a  right  parietal  meningioma  was  removed.  In  August 
1957  a  generalized  convulsion  occurred.  Left-sided  weakness  became  pro- 
p.ounced.  A  right  carotid  angiogram  revealed  a  right  fronto-parasagittal  mass; 
an  encajisulated  falx  meningioiiui  was  removed  from  its  dural  attachment. 


Case  240,  Fig.  IB.  Lateral  projection  of  carotid  angiogram.  Arrow  indicates  the 
Artery  of  Berncsconi  end  Cassinari  (tentorial  meningeal  artery).  Note  its  apparent 
origin  from  the  intracavernous  portion  of  the  internal  carotid  artery.  It  courses  along 
the  lower  border  of  the  falx  and  cngulates  upward  at  the  edge  of  the  tentorium.  In 
addition  there  is  a  large,  posterior  branch  of  the  middle  meningeal  artery  which  courses 
to  the  posterior  parietal  area. 

In  February  1961  slight  left  visual  field  defect  and  mild  riglit-sided  jiressure 
headaches  were  noted.  Twitching  of  the  left  foot  occuri'ed. 

A  right  carotid  angiogram  (Tigs.  lA,  IB)  revealed  the  Artery  of  Bernasconi 
and  Cassinari.  It  apparently  originated  from  the  intracavernous  portion  of 
the  internal  carotid  artery  and  ran  along  the  lower  border  of  the  falx,  angulat- 
ing  upward  at  the  edge  of  the  tentorium.  On  the  anterior-posterior  projection 
the  vessel  coursed  medially  and  upward.  The  pneumoencephalogram  demon- 
strated the  right  atrium  and  occi])ital  hoin  to  be  displaced  anteriorly. 


I(AI)l()L()(;i('AL  NOTES 


'I'lic  pjiticiit  undciwrnt  oiuniotoiiiy  and  a  I'ight  occipital  iiicniii^ioiiia  wcifj;h- 
in^  72  ^I'anis  was  rcnioved.  Thv  postoperative  course  was  iinreniarkablc.  When 
last  seen  the  patient  was  well  and  (lie  neurological  examinal ion  was  iiornial 
except  I'oi'  the  left  visual  field  defect. 

CASE  NO.  241 

SUBMITTED  HV   I'lIlLlI'  LEVIN,  M.D. 

This  43  year  old  female  entered  The  Blount  Sinai  Hospital  for  the  second 
time  in  1959  because  of  left  liemiparesis  and  gait  difficulty  of  one  year's  dura- 
tion. 

The  jiatient  had  complained  of  headaches  ui)on  awakening  since  the  age  of 
15.  In  1948  she  suffered  seizures  when  five  months  i)regnant.  She  was  admitted 
in  1956  at  which  time  left  hemijiaresis,  left  hemisensory  defect,  and  left-sided 
hyperreflexia  with  a  left  Bahinski  response  were  noted.  A  right  temporal- 
parietal  craniotomy  was  carried  out  and  a  bilobed  meningioma,  each  lobe  the 
size  of  a  walnut,  was  removed.  In  addition,  a  fairly  large  meningioma  en 
plaque  was  removed  from  the  parietal  parasagittal  area.  Several  smaller 
meningiomas  were  removed  w'ith  a  curret;  their  dural  bases  were  cauterized. 
Following  operation  there  was  some  improvement  in  the  strength  of  the  left 
lower  extremity  and,  on  discharge,  the  patient  was  able  to  walk  with  a 
cane. 

The  patient  was  readmitted  in  1959  with  a  history  of  increasing  left-sided 
weakness.  Urinary  incontinence  and  memory  deficit  had  occurred. 

The  left  carotid  angiogram  was  remarkable  in  the  visualization  of  three 
meningeal  arteries  (Figs.  lA,  IB  I.  The  middle  meningeal  artery,  the  Artery  of 
Bernasconi  and  Cassinari  I  tentorial  meningeal  artery),  and  the  posterior  me- 
ningeal artery  arising  from  the  occipital  artery  were  prominent.  The  Artery  of 
Bernasconi  and  Cassinari  presented  the  characteristic  tightly  coiled  appearance 
and,  on  the  lateral  film,  appeared  to  arise  from  the  intracavernous  portion  of 
the  internal  carotid  artery.  It  ran  directly  backward  for  a  distance  of  5  centi- 
meters and  then  turned  sharply  upward  to  end  in  a  group  of  thin,  separated 
vessels.  In  the  anterior-posterior  projection  the  vessel  coursed  medially  and 
upward. 

A  right  fronto-parietal  craniotomy  was  carried  out.  An  anterior  parietal 
parasagittal  meningioma  the  size  of  a  lemon  was  removed.  A  separate  daugh- 
ter tumor  was  removed  from  the  right  side  of  the  falx.  The  patient  made  a 
slow  recoveiy  and  was  able  to  ambulate  with  a  cane  on  discharge. 

DISCUSSION  OF  CASES  NO.  240  AND  241 

The  Artery  of  Bernasconi  and  Cassinari  (tentorial  meningeal  artery)  is  sig- 
nificant because  it  may  indicate  the  presence  of  a  meningioma.  While  originally 
thought  to  be  diagnostic  of  tentorial  meningiomas  (1),  it  has  occurred  in 
anterior  parasagittal,  falx,  and  occipital  meningiomas.  It  has  also  been  noted 
in  cases  of  arteriovenous  malformations  and  has  appeared,  as  an  incidental 
finding,  in  other  conditions. 
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The  tentorial  meningeal  artery  presents  a  coiled  appearance.  It  apparently 
arises  from  the  intracavcrnous  portion  of  the  internal  carotid  artery  and,  in 
the  lateral  \it'\v.  courses  backward  and  then  upward  in  the  region  of  the 
tentorium.  In  the  anterior-posterior  projection  it  proceeds,  with  an  undulating 
course,  ujnvard  and  medially  to  the  midline.  Its  origin  is  below  that  of  the 
anterior  choroidal  and  posterior  cerebral  arteries.  Also  to  be  differentiated  is 
the  primitive  trigeminal  artery.  This  proceeds  directly  to  the  basilar  artery;  it 


Case  241,  Fig.  1  A.  Lateral  projection  of  carotid  angiogram.  Arrow  indicates  the 
Artery  of  Bernasconi  and  Cassinari  (tentorial  meningeal  artery).  The  second  arrow 
(right)  points  to  the  posterior  meningeal  artery  which  originates  from  the  occipital 
artery.  Both  arteries  end  in  a  group  of  thin,  separated  vessels.  The  middle  meningeal 
artery  is  also  visualized.  Diffuse  hyperostosis  of  the  cranial  vault  is  present. 

is  considerably  larger  in  calil)er.  A  posterior  branch  of  the  middle  meningeal 
artery  can  be  distinguished  by  means  of  the  anterior-posterior  projection. 

This  artery  was  originally  con.sidered  by  Bernasconi  and  Cassinari  to  be 
part  of  the  external  carotid  tree  (1).  However,  Frugoni,  Nori,  Galligioni, 
and  Giaramusso  found  the  artery  to  be  present  in  a  case  where  injection  of 
the  internal  carotid  artery  alone  was  performed  (2).  In  a  subsequent  external 
carotid  artery  injection  the  artery  was  not  found.  This  supports  its  origin  from 
the  internal  carotid  artery. 

Meningiomas  draw  their  blood  supply  from  internal  and  external  carotid 
sources.  As  the  tumors  enlarge  the  supplying  vessels  provide  more  blood. 


UADIOLOdlCAI.  NOriOS 


Small  \('ss('Is  hit luM'to  unnoticcable  may  hocomc  visible  angi()<2;iiii)liically. 
Tentorial  meniiitieal  arteiies  are  not  mentioned  in  standard  textbooks  of  anat- 
oniy.  Statlin  repoiMs  the  only  anatomical  wiii'k  done  on  this  topic  (;}|.  'I'wenty 
cadavers  were  examined  aftei'  injection  of  a  water-soluble  dye  into  the  internal 
cai'otid  artery.  Usinti  a  s])ecial  microdissection  techni(iuc,  a  very  narrow  vessel 
was  found  arisint^  from  the  carotid  siphon  in  three  cases.  This  vessel  arose 
fi'om  the  siphon  in  the  ret>;ion  where  the  internal  carotid  artery  enters  the 
caxernous  sinus  and  passed  backward  to  ramify  in  the  anterior  part  of  the 
tentorium. 

The  .\rteiy'  of  Bei'nasconi  and  Cassinai'i  has  been  I'ecorded  thirty-one  times 


Case  241,  Fig.  IB.  Anterior-posterior  projection  of  carotid  angiogram.  Arrow  indi- 
cates the  Artery  of  Bernasconi  and  Cassinari  (tentorial  meningeal  artery).  It  courses 
medially  and  upward. 

previously  in  the  literature.  Bernasconi  and  Cassinari  reported  it  to  be  jiresent 
in  five  cases  of  tentorial  meningioma  (1).  Frugoni,  Nori,  Galligioni,  and 
Giammusso  reported  it  in  eight  cases  of  tentorial  meningiomas,  two  cases  of 
meningioma  of  the  posterior  third  of  the  falx,  and  one  case  of  anterior  para- 
sagittal meningioma  (2).  Wickbom  and  Stattin  reported  eight  cases  of  tentorial 
meningioma  and  two  cases  of  vascular  malformation  in  which  this  artery  was 
present  1 3,  4).  It  was  also  present  in  five  other  cases  as  an  incidental  finding. 
These  cases  included  thrombosis  of  the  middle  cerebral  artery,  berry  aneurysm 
of  the  middle  cereljral  artery,  carotid  stenosis,  subarachnoid  hemorrhage,  and 
intracranial  })ruit. 

Ca.se  Report:  The  artery  of  bernasconi  and  cassinari  (tentorial  me- 
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MXGEAL  artery)  IX  CASES  OF  IXTRACRAXIAL  MEXIXGIOMA.  PRESENTATION  OF 
TWO  CASES. 
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CASE  NO.  242 

This  70  year  old  female  was  admitted  to  the  hospital  because  of  i)rogressi\'ely 
severe  epigastric  pain  radiating  to  the  back,  weakness  and  weight  loss.  The 
first  symptoms  occurred  approxiiuately  two  years  liefore  admission.  There  was 
no  nausea  nor  A-omiting  and  the  epigastric  pain  was  not  related  to  fatty  foods. 
There  was  no  history  of  jaundice.  There  was  a  total  weight  loss  of  70  lbs.  in  two 
years. 

Physical  examination  revealed  normal  vital  signs.  There  was  no  evidence  of 
icterus.  Positive  findings  were  limited  to  the  abdomen  where  an  ill-defined, 
orange-sized,  firm,  slightly  tender  mass  was  palpable  in  the  epigastrium.  The 
liver  edge  was  felt  two  fingerbreadths  below  the  costal  margin  and  was  hard 
and  nontender.  Laboratory  examination  revealed  a  hemoglobin  of  6.6  Gm, 
normal  white  cell  and  differential  count.  Prothrombin  time  was  normal.  Bili- 
rubin was  also  normal.  Total  protein  was  5.67  CimSc,  with  an  A/G  ratio  of 
2.22/3.43.  Cephalin  flocculation  was  negative.  Guaiac  stools  were  4+.  Uri- 
nalysis showed  4-1-  bile.  Radiographic  examination  of  the  abdomen  in  the  supine 
projection  revealed  a  ringlike  calcific  density  in  the  right  upper  quadrant  3  cm 
in  diameter.  Just  medial  and  inferior  to  this  calcification,  there  was  a  diamond- 
shaped  structure,  5x6  cm  in  diameter,  outlined  by  air  with  scalloped  superior 
and  lateral  contours.  No  soft  tissue  masses  were  noted.  Barium  meal  ex- 
amination revealed  no  abnormalities  of  the  esophagus  or  stomach.  The  pyloric 
channel  was  also  normal.  The  base  of  the  duodenal  bulb  was  identified  and  was 
normal  in  contour  and  size.  One  centimeter  l)cyond  the  base  of  the  duodenal 
bulb,  there  was  a  large  collection  of  barium  occupying  the  entire  distal  portion 
of  the  first  part  of  the  duodenum.  The  contours  of  this  structure  were  scalloiK'd 
and  the  quality  of  the  barium  within  it  was  amorphous  (Fig.  1).  Within  this 
enlarged  and  distorted  first  portion  of  the  duodenum,  there  was  a  smoothly 
demarcated,  sharp  filling  defect  measuring  1.5  cm  in  diameter.  The  duodenal 
sweep  and  ligament  of  Trietz  appeared  normal.  There  was  no  air  or  barium  in 
the  hepatic  region  suggestive  of  biliary  ducts. 

During  the  course  of  the  patient's  hospitalization  there  was  intermittent 
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fever  ran^iiiii  up  tci  102°.  She  recei\-e(l  sevei'al  lilood  transfusions  and  lai)a- 
rotomy  was  jierfoi'med.  At  operation,  a  lai'ge  bulky  nt'oplasni  was  noted  to  in- 
volve most  of  the  fundus  of  the  galliiladder  with  infiltration  into  tlie  first  portion 
of  the  duodenum.  .\s  a  result  of  the  invasion  of  the  duodenum,  a  lar<ie  chol- 
ecysto-duodenal  fistula  with  a  ix'riduodenal  abscess  was  found.  A  biliary  eal- 
pulus,  1.5  cm  in  diameter,  was  noted  to  lie  witliin  this  fistulous  tract.  Common 
duct  exploi'ation  was  not  perf()inie(l  because  of  the  large  amount  of  tumor 
obscuring  the  l)iliary  ducts.  The  duodenum  and  the  abscess  were  resected  and 
an  end-to-end  anastomosis  of  the  proximal  portion  of  the  stomach  and  the 
distal  duoilemnii  were  performi'd.  Histological  examination  revealed  infiltrat- 
ing squamous  cell  carcinoma  of  the  gallbladder. 

DISCUSSION 

The  roentgen  findings  on  gastrointestinal  series  produced  by  carcinoma  of 
the  gallbladder  have  recently  been  extensively  reviewed  l)y  Khilnani  et  nl. 
(1).  The  changes  are  usually  subtle  and  limited  to  the  post  bulbar  region 
of  the  "superior  flexure"  of  the  duodenum.  When  the  tumor  invades  the  wall 
of  the  duodenum,  it  may  cause  an  ulceration  of  the  first  part  of  the  duo- 
denum. When  this  destruction  becomes  extensi^•e  a  cholecysto-duodenal  fis- 
tula may  ensue.  Carcinomatous  cholecysto-duodenal  fistulas  represent  only 
about  2  i)er  cent  of  all  the  spontaneous  internal  fistulae  between  the  gall- 
bladder and  tlie  upper  gastrointestinal  tract.  Over  90  per  cent  are  due  to 
cholelithiasis  and  about  5  per  cent  are  on  a  basis  of  a  perforating  duodenal 
ulcer  (2).  The  present  case  is  unusual  because  of  the  extent  of  the  destruction 
of  the  "duodenal  knee"  wdth  the  formation  of  a  large  periduodenal  abscess.  The 
filling  defect  noted  within  the  large  duodenal  bulb  gives  it  a  bizarre  appear- 
ance but  the  sharpness  of  this  defect  suggests  the  presence  of  a  stone.  This 
calculus  was  noted  to  contain  a  rim  of  calcium  on  the  plain  film  of  the  abdomen. 
This  case  is  unusual  clinically  in  that  although  this  was  a  squamous  cell  carci- 
noma of  the  gallbladder  and  therefore  probably  on  the  basis  of  metaplasia 
secondary  to  chronic  cholecystitis  and  cholelithiasis,  there  was  never  any  his- 
tory of  jaundice.  In  the  differential  diagnosis  of  a  massively  enlarged  duodenal 
bulb  with  irregular  contours,  the  most  likely  possibility  is  lymphosarcomatous 
involvement  of  the  duodenum.  Usually  in  this  disease  there  is  evidence  of  disease 
on  both  sides  of  the  pylorus  but  occasionally  the  only  roentgen  manifestation 
is  that  of  a  markedly  dilated  duodenal  bulb  with  nodular  scalloped  contours. 
A  giant  benign  ulcer  of  the  duodenal  bulb  can  also  present  as  a  large  bulb 
with  unchanging  contours.  In  this  disease,  however,  the  borders  of  the  ulcerated 
duodenal  bulb  are  not  as  scalloped  and  irregular  and  there  is  a  considerable 
amount  of  surrounding  spasm  and  irritability. 

On  very  rare  occasions,  a  large  perforation  of  a  duodenal  ulcer  can  mimic 
a  massively  enlarged  and  distorted  post  bulbar  region.  Often  lucent  filling 
defects  within  the  barium  filled  duodenum  represent  retained  food  particles. 

Case  Report:  Squamous  carcinoma  of  the  gallbladder  with  cholecysto- 
duodenal  FISTULA. 
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CASE  NO.  243 

A  7U  year  old  senile  female,  r(>sident  in  a  nvnsing  iioine,  was  referred  for  a 
gastrointestinal  radiologic  examination  because  of  anemia  and  a  pidpahle  ab- 
dominal mass. 


Case  243,  Fig.  1.  Supine  view  of  the  abdomen  during  gastrointestinal  series  shows  a 
grapefruit-sized  mass  with  a  very  large  central  excavation  measuring  15  cm  in  greatest 
diameter.  The  lesion  is  in  the  first  loop  of  jejunum  distal  to  the  ligament  of  Treitz.  The 
mass  displaces  surrounding  loops  of  bowel,  the  fourth  portion  of  the  duodenum,  and  the 
stomach. 
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The  availaMc  history  is  I'rauiincnt arv.  Rectal  l)lc('(lin^  had  occuitimI  apiH'oxi- 
mutely  thrrc  iiionth>  prcxiously  at  which  tiinc  a  gastrointestinal  series  was 
performed  at  another  institution.  A  duodenal  ulcer  was  reported  and  the  pa- 
tient was  treated  with  blood  transfusions  and  conventional  medical  regimen. 
Because  of  her  mental  status  she  was  transferred  to  a  nursing  home  wheie 
weakness  and  anemia  were  again  noted. 


Case  243,  Fig.  2.  Following  two  weeks  of  radiotherapy  with  a  tumor  dose  of  ap- 
proximately 1400  rods,  repeat  study  shows  the  excavation  to  measure  5  cm  in  greatest 
diameter.  Note  the  nodular  contour  within  the  excavation. 

Api)ropriate  investigation  w'as  advised  but  was  refused  by  the  family.  Blood 
transfusions  were  again  given  but  anemia  persisted  and  a  mass  became  palpable 
in  the  left  raid-abdomen.  Consent  for  investigation  was  finally  obtained  and  the 
patient  was  referred  for  radiograjihic  studies. 

Barium  enema  revealed  extrinsic  pressure  on  the  distal  transverse  colon  by 
a  mass;  a  peculiar  angular  collection  of  air  was  present  within  the  mass  sug- 
gesting an  ulcerating  neoplasm.  Gastrointestinal  series  demonstrated  a  verj^ 
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lai'gc  ii'rcu;ulai'  cxcax-atioii  measuring  15  ciii  in  gi'catcst  diaiiiclci'  wliicli  was 
located  in  ilie  course  of  the  first  loop  of  jejunum  distal  to  the  ligamenl  of  'I'reitz 
I  l''ig.  II.  'I'lie  inx'olved  segment  was  suri'ounded  by  a  grapefi'uit-sizcd  mass 
which  displaced  the  surrounding  loops  of  small  liowel,  the  fouitli  position  of 
the  duodenum,  the  stomach,  and  the  ti'ansverse  colon.  Malignant  lymphoma 
was  suggested  as  the  most  likely  diagnosis. 


Case  243,  Fig.  3.  Following  five  weeks  of  radiotherapy  with  a  tumor  dose  of  ap- 
proximately 3500  rods,  a  third  study  shows  the  excavation  to  measure  3.5  cm. 

A  course  of  orthovoltage  radiation  thera])y  was  instituted  using  two  oppos- 
ing 10  X  15  cm  ])ortals.  Repeat  radiographic  examination  was  performed  two 
weeks  later  by  which  time  a  tumor  dose  of  approximately  1400  rads  had  been 
delivered  (Fig.  2).  A  marked  reduction  in  the  size  of  the  excavation  was 
noted  which  now  measured  5  cm  in  greatest  diameter;  the  mass  was  propor- 
tionately smaller  as  well.  At  the  conclusion  of  a  five-week  course  of  therapy,  a 
tumor  dose  of  approximately  3500  rads  had  been  delivered.  A  third  radio- 
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gra])liic  study  showed  further  rciUictiou  in  the  size  of  tlic  excavation  which 
now  nieasvu-ed  3.5  cm  (Fig.  3j.  A  final  study  was  iiei  fonncd  six  week.s  after 
coinph'tion  of  ra(hotherapy  (Fig.  4,  A  and  15).  In  place  of  I  he  original  lesion, 
there  was  noted  a  short  stricture  with  smooth  margins,  liul  no  ulceration, 
notlularity  or  mass.  There  was  moderate  retention  of  barium  i)r()ximal  to  the 
stricture  and  moderate  dilatation  of  the  stomach  and  duodenum. 

Clinically,  the  abdominal  mass  was  no  longer  palpable.  The  anemia  re- 
sponded completely  and  no  further  blood  transfusions  were  necessary.  The 
patient  ate  well,  gained  weight,  and  there  were  no  signs  of  bowel  obstruction 
despite  the  final  radiographic  findings. 

Six  months  later  the  patient  developed  multiple  subcutaneous  nodules;  one 
of  these  on  the  chest  wall  was  biopsied.  The  pathologist  reported  malignant 
lymphoma,  reticulum  cell  sarcoma  type.  The  patient  subsctjuently  deterioratecl 
rapidly  and  died.  Post  mortem  examination  was  refused. 

DI.SCUSSION 

Although  jadiation  therapy  in  general  is  the  treatment  of  choice  for  malig- 
nant lymphomatous  disease,  surgery  often  plays  an  important  role  in  cases 
of  primary  involvement  of  the  bowel.  In  many  cases,  the  desire  to  establish 
a  histologic  diagnosis  dictates  initial  surgical  intervention.  It  is  sometimes 
forgotten  that  a  short  course  of  radiotherapy  can  lead  to  a  firm  clinical  diag- 
nosis on  the  basis  of  rapid  tumor  shrinkage;  if  the  initial  effect  is  favorable,  the 
course  of  therapy  can  then  be  appropriately  extended  for  definitive  treatment. 

Case  No.  243  is  presented  because  it  affords  an  unusually  clear  documenta- 
tion of  the  response  of  reticulum  cell  sarcoma  to  radiation.  Not  only  is  it 
worth  while  to  note  the  disappearance  of  the  enormous  excavating  neoplasm, 
but  the  end  result  of  a  smooth  short  stricture  is  of  distinct  interest. 

Case  Report:  Prim.^ry  reticulum  cell  sarcom.\  of  the  jejunum  with  re- 
sponse TO  R.\DIOTHERAPY. 
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Dis<'ais<'!S  AssociaU'd  willi  S(mi<'  r.iizyinu'  l)<'fV<'ls  in 
(fOiiads  and  Adronal  (Cortex 

A  (^lassifH'alion  Base<l  on  a   Tln'ory  of  the  Bi<)j»cnesis 
of  the  Feminiziiifj;  and  Virilizing  Syn<Iroines 

J.  L.  GABRILOVE,  M.D. 
Nciv  York,  N.  y. 

It  is  now  coniiiionly  accepted  that  in  congenital  adrenocortical  hyperplasia 
there  is  an  enzymic  defect  usually  involving  21 -hydroxy lation  but  at  times 
involving  other  enzymes  (1,2,  27  ).  It  has  also  been  shown  that  androstenedionc 
and  testosterone  can  be  converted  into  estrogen  by  the  adrenal  cortex  (4)  as 
well  as  by  the  ovary  (5)  and  testis  (4)  and  therefore  may  act  as  intermediaries 
in  the  biosynthesis  of  estrogen  (3-7,  29,  30,  41,  42)  (Fig.  1).  Only  recently, 
however,  has  the  elaboration  of  testosterone  by  these  organs  been  unequivo- 
cally demonstrated  (8-10)  although  the  formation  of  androstenedione  (7,  42, 
43)  in  these  tissues  had  previously  been  known.  It  would  therefore  seem  pos- 
sible that  disorders  might  arise  as  a  result  of  either  the  increased  or  decreased 
conversion  of  androstenedione  and  testosterone  into  estrogen  in  the  adrenal 
cortex  or  gonads.  On  the  basis  of  such  a  concept,  many  of  the  known  disorders 
of  the  adrenal  and  gonads  are  readily  explained  and  understood. 

The  ratio  of  conversion  of  androgen  into  estrogen,  particularly  in  the  gonad, 
is  probably  in  large  measure  controlled  by  the  genetic  sex  pattern  and  for  this 
reason,  the  conversion  of  androgen  to  estrogen  is  minimal  in  the  male  and  maxi- 
mal in  the  female  under  normal  circumstances. 

There  is  also  evidence  that  the  conversion  of  androgen  to  estrogen  may  be  in 
part  regulated  by  luteinizing  hormone  (16)  or  at  least  that  estrogen  secretion 
is  increased  by  this  pituitary  or  chorionic  fraction.  This  evidence  includes  the 
increased  urinary  excretion  of  neutral  17-ketosteroids  [2x]  and  estrogens 
[5-16  x]  in  men  given  chorionic  gonadotropin  (35,  38,  43)  and  the  in  vitro 
demonstration  by  the  Hollanders  of  the  facilitation  of  this  conversion  in 
ovarian  slices  treated  with  gonadotropin  (34).  Dempsey  and  Hill  induced  a 
marked  increase  in  the  urinary  titer  of  estrogen  in  a  man  with  a  feminizing 
adrenocortical  tumor  by  the  administration  of  chorionic  gonadotropin  as  well 
as  with  pregnant  mare  serum  1 49) . 

It  is  worth  noting  also  that  in  chorion-epithelioma  of  the  testis  high  urinary 
titers  of  gonadotroi)ins  as  well  as  of  estrogens  have  been  reported  and  it  has 
been  claimed  by  Martin  and  Garden  that  the  estrogen  was  produced  by  the 
interstitial  cells  under  the  influence  of  gonadotropin  (47).  Of  further  interest 

From  the  Endocrine  Research  Lal)oiatoiy  of  tlio  Dejiartment  of  Medicine,  Tlie  Mount 
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are  the  observations  that  tlie  administration  of  cloniii)lK'ne  to  the  human  sub- 
ject results  in  botli  an  increased  lu-inary  excretion  of  gonadotropins  as  well  as 
of  estrogen  although  tlu"  causal  ix-lationshii)  of  tli('s(>  findings  is  not  yet  estab- 
lished (44-46). 

In  congenital  adrenocortical  hyixTplasia  associated  with  virilization  there 
is  an  increased  elaboration  of  androgen.  Part  of  this  fraction  is  converted  to 
estrogen,  for  the  urinary  titer  of  estrogens  is  increased  (11),  but  the  conver- 
sion ratio  must  be  relatively  small  since  the  clinical  manifestations  reflect  the 
overproduction  of  androgen.  In  the  so-called  adult  or  "acquired"  form  of  the 
virilizing  adrenogenital  syndrome  there  is,  for  as  yet  unknown  reasons,  al- 
though it  too  may  be  genetic  in  origin,  a  preferential  utilization  of  the  androgen 
pathway  in  contradistinction  to  the  aldosterone  and  Cortisol  pathways  (2)  and 
thereby  a  facilitation  of  the  formation  of  androgen  (36).  The  pathogenesis  of 
the  "acciuired"  type  is  presumably  not  related  to  inadeciuate  21-hydroxylation 
as  is  the  case  in  the  congenital  form  of  virilization.  In  this  latter,  the  deficiency 
of  Cortisol  production  leads  to  increased  adenohyjioiihyseal  corticotropin  secre- 


FiG.  1.  Schema  of  androgen  and  e-strogen  bio.synthesis  in  the  adrenal  cortex  and  gonads. 

tion,  increased  formation  of  pregnenolone,  progesterone  and  17a-hydroxy- 
progesterone  and  a  subsequent  pouring  of  these  precursors  into  the  androgen 
pathway  (2 ) .  As  with  the  congenital  variety,  the  conversion  of  androgen  to 
estrogen  in  the  adult  form  of  virilizing  adrenogenital  .syndrome  must  be  rela- 
tively small  if  a  virilizing  syndrome  ensues. 

On  the  other  hand  the  conversion  of  androgen  to  estrogen  by  the  adi'cnal 
cortex  may  be  so  great  as  to  result  in  a  feminizing  adrenogenital  syndrome. 
This  may  be  seen  in  the  male  particularly  in  association  with  adrenocortical 
tumors  (12)  or  even  with  non-tumorous  adrenocortical  hyperplasia  (37).  The 
biosynthetic  pathways  in  the  former  have  been  delineated  by  us  (13)  in  a 
recent  study.  In  the  female  pure  feminization  due  to  tumor  has  been  reported 
by  Snaith  in  a  S'/i  year  old  child  (14)  and  the  adult  feminizing  adrenogenital 
syndrome  is  presently  under  study  in  our  laboratory  (15).  The  syndrome  of 
adrenal  feminization  in  the  female  due  to  either  acquired  or  congenital 
adrenocortical  hyperplasia  has  not  been  recognized  but  it  is  likely  that  in  the 
adult  it  might  easily  be  overlooked.  In  the  child,  it  will  be  necessary  to  examine 
all  instances  of  so-called  constitutional  sexual  precocity  in  whom  no  urinary 
gonadotropins  are  found. 

The  jiossible  biosynthetic  defects  in  Klinefelter 's  syndrome  have  been  dis- 
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cussed  by  us  elscwhciv  (16).  In  essence  it  luis  been  sugj^ested  that  there  is  an 
increased  conversion  of  androgen  to  estrogen  in  the  testes  possibly  due  to  a 
primary  rather  than  secondary  increase  in  the  pnxhict ion  of  gonadotropins. 
It  is  postulated  that  the  decrease  in  the  local  concentration  of  androgen  in  the 
testis  results  in  the  tubular  alterations  observed,  and  the  increased  elaboration 
of  estrogen  jiroduces  the  gynecomastia.  The  more  striking  testicular  manifesta- 
tions seen  in  the  chromatin  positive  grou])  may  be  then  due  to  the  probably 
greater  conversion  of  androgen  to  (>strogen  in  subjects  with  an  XXY  chromo- 
some type  as  opposed  to  an  X\'  karyotype. 

In  the  syndrome  of  functional  prepul)ei'al  castration  theie  is  a  high  urinary 
titer  of  gonadotropins  and  gynecomastia.  The  urinary  excretion  of  neutral 
17-ketosteroids  may  be  normal  or  increased.  As  discussed  by  us  elsewhere  (17), 
the  suggested  pathogenesis  is  an  absence  of  the  testes,  increased  pituitary 
gonadotropin  secretion,  facilitation  of  the  adrenal  androgen  pathway  under 
the  influence  of  luteinizing  hormone  with  increased  conversion  of  andi'ogen  to 
estrogen.  The  latter  is  the  presumed  cause  of  the  gynecomastia. 

It  is  of  great  interest  that  interstitial  cell  tumors  of  the  testes,  although  i)re- 
sumably  autonomous,  result  in  virilization  prepuberally  whereas  postpuber- 
ally  a  large  number  of  such  tumors  result  in  a  feminizing  syndrome  (18).  It 
would  thus  seem  wise  to  group  or  characterize  functional  testicular  tumors 
and  disorders  biochemically  as  virilizing  or  feminizing  as  well  as  on  pathologic 
and  anatomic  grounds.  The  difficulty  with  the  latter  mode  of  classification  is 
that  the  normal  or  usual  biosynthetic  pathways  associated  with  any  cellular 
structure  may  be  altered  in  disease.  For  example  in  the  adult  with  an  inter- 
stitial cell  tumor,  one  would  expect,  on  the  basis  of  histology,  increased  andro- 
gen secretion  rather  than  an  effective  predominance  of  estrogen  elaboration 
resulting  in  feminization.  It  is  precisely  the  biochemical  perspective  that  fo- 
cuses one's  attention  on  the  fact  that  alterations  have  occurred  in  the  normal 
physiologic  function  of  the  cell  under  study. 

Analogous  considerations  apply  to  ovarian  disorders.  Virilism  is  seen  in  asso- 
ciation with  1)  Stein-Leventhal  ovary,  2)  hilus  cell  tumor  or  hyperplasia 
and,  3)  arrhenoblastoma.  We  have  demonstrated  that  in  the  arrhenoblastoma 
there  is  an  increased  production  of  androgen,  i.e.,  androstenedione  as  well  as 
testosterone  (19).  In  these  incubation  studies,  no  estrogen  was  obtained  with 
progesterone  C-14  as  a  precursor  indicating  not  only  an  increased  production 
of  androgen  but  a  decrease  in  the  couA-ersion  to  estrogen.  When  androstene- 
dione is  the  chief  androgen  produced  by  the  arrhenoblastoma,  virilization  is 
probably  associated  with  high  urinary  titers  of  neutral  17-ketosteroids  whereas 
when  the  more  potent  testosterone  is  the  main  androgen  elaborated,  the  urinary 
titer  of  neutral  17-ketosteroids  is  probably  normal  or  low.  Similarly  produc- 
tion of  testosterone  by  a  virilizing  ovarian  lipoid  cell  tumor  has  recently  been 
demonstrated  (20)  as  well  as  by  a  follicular  ovarian  cyst  (40).  Savard  has 
suggested  that  normally  the  ovarian  follicle  is  concerned  with  estrogen  produc- 
tion whereas  the  ovarian  stroma  is  concerned  with  androgen  elaboration  (50) . 

It  has  been  demonstrated  that  the  Stein-Leventhal  syndrome  is  associated 
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with  iiu'vcascd  plasma  and  urinary  titers  of  tcstostcronf.  The  present  evidence, 
obtained  iVoiu  incubation  stu(bes,  would  su<iu;est  that  the  defect  in  the  Stein- 
Leventhal  syruh'onie  is  an  inabibty  to  convert  androstenedione  and  testosterone 
to  estrogen  (21-23,  28,  32).  Greenblatt  and  his  associates  (23,  24)  have  sug- 
gested that  there  may  also  exist  a  3/3-hydroxy  dehydrogenase  deficiency  re- 
sulting in  a  failure  of  conversion  of  tlehydroepiandrosterone  into  other  andro- 
gens and  ultimately  estrogens.  Although  there  is  no  evidence  at  present  it  seems 


TABLE  I 


Increased  androgen 
(?conversion  normal?) 

Increased  conversion  androgen 
— ♦  estrogen  (with  or  without 
increased  androgen) 

Decreased  conversion 
androgen  to  estrogen 

Male 
.\d  renal 
cortex 

Adrenogenital  virili.sni 
tutuor 

,          ,    ■    f  congenital 
hi/f)('i  f)lasiu  (         .  , 
[acquu-ed 

Prepuheral  castration 
(functional ) 

Adrenogenital  feminiz- 
ing syndrome  due 
to  tumor  or  hyper- 
plasia 

Testis 

Interstitial    cell  tumor 
(child) 

Klinefelter's  syndrome 
Inter.stitial  cell  tumor 

in  adult 
(PSertoli  cell  tiunor) 

Etiology? 

PPuberal  gynecomastia 

Female 
Adrenal 
cortex 

Adrenogenital  virilism 

hi 'nor 

,          ,    .  (congenital 
hiiperplasia  {         .  , 
'                1  acciuired 

Stein-Leventhal  ovary 

Adrenogenital  feminiz- 
ing syndrome 
tumor 

Phyperplasia 
PSexual  precocity 

PPost  menopausal  hir- 
sutism? 

Ovary 

Arrhenoblastoma  and  vir- 
ilizing ovarian  tumors 
Stein-Leventhal  syndrome 

Tumor 
granulosa  cell 
theca  cell 

Stein-Leventhal  syn- 
drome 
PArrenoblastoma 

likely  that  simihir  meclianisms  are  at  work  in  the  viriUzing  syndromes  asso- 
ciated with  either  hilus  cell  tumor  or  liyperj)hisia. 

On  the  other  hand  feminizing  syndromes  will  be  seen  especially  with  tumors 
in  which  the  cells  are  capable  of  increased  conversion  of  androgen  to  estrogen 
(31)  because  of  increased  quantities  of  the  facilitating  enzymes.  Granulosa 
cell  tumors  and  particularly  feminizing  lutein  cell  tumors  are  thus  also  best 
regarded  from  tlie  biochemical  viewpoint  rather  than  from  a  pathologic- 
anatomic  ]K'rs]iective. 

It  would,  tlierefore,  seem  logical  to  view  many  of  the  cUsorders  of  the  gonads 
and  adrenal  cortex  of  a  sexual  nature  as  being  concerned  with  the  ratio  of 
conversion  of  androgen  to  estrogen  and  the  clinical  manifestations  as  reflecting 
such  increased  or  decreased  conversion  (Table  I ) .  The  alterations  in  conversion 
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ratio,  particularly  by  the  adrenal  coilcx,  are  reflected  not  only  in  those  overt 
syndromes  already  discussed  but  also  in  less  obvious  clinical  pictures.  Vov 
example  ox-ciproduction  of  androf^ens  oi'  estrogens  by  the  adrenal  coilcx  in 
the  male  may  result  in  alterations  in  the  testes.  The  testicular  picture  ranges 
from  spermatogenic  maturation  arrest  to  marked  fibrosis  and  hyalinization  of 
the  testes  with  absence  of  the  Leydig  cells  (12,  25,  26).  It  is  conceivable  that, 
since  some  of  these  changes  observed  in  the  j)atient  with  hyper[)lasia  ai'e  re- 
versible by  cortisone,  adrenocortical  hyperfunction  results  in  suppression  of 
pituitary  gonadotropin  including  luteinizing  hormone.  The  beneficial  effect  of 
cortisone  is  to  induce  coiticotropin  sujijiression  and  thereby  a  decrease  in 
adrenal  production  of  androgen  and  estrogen.  As  a  consequence,  indirectly, 
pituitary  gonadotropin  secretion  or  release  is  facilitated  and  normal  testicular 
function  is  restored. 

It  would  follow  that  the  analogue  of  this  is  encountered  in  that  form  of  the 
Stein-Leventhal  syndrome  secondary  to  adrenocortical  hyperfunction  in  which 
improvement  occurs  following  the  administration  of  cortisone  or  a  glucocorti- 
coid. In  this  light  the  findings  of  Roy  et  al.  (33)  are  of  interest.  They  noted 
that  the  administration  of  dehydroepiandrosterone  or  of  A4-androstenedione 
resulted  in  cystic  ovarian  changes. 

However,  there  is  evidence  that  there  are  two  types  of  Stein-Leventhal 
syndrome,  a  primary  ovarian  form  as  well  as  that  secondary  to  the  adreno- 
genital syndrome  (39).  In  both,  there  ensue  pathologic  changes  characterized 
by  arrested  follicle  maturation  and  anovulation.  It  is  thus  possible  that  in  the 
primary  ovarian  type  there  is  an  intrinsic  defect  in  the  ovary  in  respect  to 
its  ability  to  convert  androgen  to  estrogen  in  contrast  to  the  altered  ovarian 
biosynthetic  capability  secondary  to  abnormal  adrenal  androgen  or  possibly 
estrogen  secretion  which  in  all  likelihood  is  exerted  via  an  effect  on  pituitary 
luteinizing  hormone  secretion.  In  this  latter  group,  Kase  et  al.  were  unable  to 
demonstrate  an  increase  in  ovarian  androgen  production  but  they  did  not 
attempt  to  study  the  conversion  of  androgen  to  estrogen  (39) . 

A  final  word  might  be  added  about  puberal  gynecomastia.  It  is  possible  that 
this  may  result  from  the  temporary  overproduction  of  estrogen  from  androgen 
in  the  testes  or  adrenal  possibly  due  to  a  temporary  overproduction  of 
luteinizing  hormone.  In  a  sense  it  would  represent  a  mild  reversible  form  of  a 
disorder  similar  biochemically  to  that  seen  in  either  the  feminizing  adreno- 
genital or  in  Klinefelter's  syndrome.  Testicular  biopsy  studies  might  indirectly, 
perhaps,  shed  some  light  on  the  disorder. 

Although  there  are  as  yet  majiy  deficiencies  in  the  evidence  to  establish 
these  formulated  concepts,  the  hypothesis  explains  and  helps  classify  many  of 
the  clinical  disordei's  encountered  and  is  capable  of  exjjerimental  verification 
or  disproof. 

SUMMARY 

An  hypothesis  based  on  alteration  in  the  androgen-estrogen  conversion 
ratio  is  presented  for  the  classification  of  many  of  the  adrenocortical  and 
gonadal  clinical  sexual  disorders.  It  is  suggested  that  a  l)iochemical  perspective 
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may  afford  a  nioir  rational  understanding  of  these  disorders  than  a  purely 
pathologic-ana toniie  viewpoint. 
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A  Deiiionstralion  PiojecL  (1959-1962)* 

RORKHT  S.  SIFFKRT,  M.D.,  RUTH  RAVlCll,  am.  LKO  IIABEL 

New  York,  N.  V. 

Tlie  purpoi^c  of  this  project  has  hccn  to  unalyze  the  vurious  I'uctoi's  involved 
in  continuity  of  eare  of  the  cliild  with  orthopaedic  handicaps.  An  attempt  was 
made  to  define  more  clearly  the  scope  of  responsibility  of  the  professional, 
paramedical  and  administrative  staffs  in  a  hospital  out-j^atient  service,  and  to 
develop  feasible  techniques  of  rendering  comprehensive  care. 

The  role  of  each  participant  in  the  clinic  was  studied  individually  and 
analyzed  in  detail.  Many  different  techniques  were  tested,  and  where  feasible, 
the  results  were  subjected  to  statistical  evaluation.  Those  observations  that 
could  not  be  analyzed  statistically  were  evaluated  as  to  the  efficiency  w'ith 
which  the  specific  needs  of  the  children  were  met  medically  and  socially.  Al- 
though the  orthopaedic  out-patient  department  at  The  Mount  Sinai  Hospital 
functions  as  an  integrated  service,  this  report  will  describe  the  individual 
roles  of  each  member  of  the  clinic  staff.  This  evaluation  included  consideration 
of  maximum  utilization  of  professional  time,  the  co-ordination  of  professional 
and  paramedical  personnel,  the  development  of  an  efficient  "team"  approach 
in  the  total  care  of  the  child  and  the  simplification  of  administrative  proce- 
dures. 

Medical  and  social  needs,  philosophy  of  medical  practice  and  administra- 
tive procedures  vary  greatly  in  different  communities.  It  is  impossible,  there- 
fore, to  evolve  one  type  of  comprehensive  care  service  that  is  universally 
applicable.  By  presentation  of  the  experiences  of  each  medical  and  paramedical 
person  involved,  as  well  as  administrative  data,  it  is  hoped  that  individual 
findings  might  be  applicable  to  orthopaedic  and  other  out-patient  facilities  in 
urban  or  rural  communities,  and  that  the  "team"  approach  might  stimulate 
public  health  and  medical  personnel  toward  improvement  and  expansion  of 
services  for  the  handicapped  child. 

BACKGROUND 

Preventive  medicine  has  traditionally  been  directed  tow^ard  the  elimination 
of  the  causative  factors  of  disease.  Decreasing  exposure  to  virulent  organisms, 
or  increasing  resistance  immunologically  has  brouglit  tuberculosis,  smallpox, 
diphtheria,  poliomyelitis  and  other  scourges  under  control.  Since  the  etiology  of 
many  handicapping  conditions  in  children  is  imknown  or  beyond  control. 

From  the  Department  of  Orthopaedic  Surgery,  Tlie  Mount  Sinai  Hospital,  New  York, 
N.  Y. 

*  Summary  of  a  detailed  report  submitted  to  the  New  York  Fund  for  Children,  whose  sup- 
port made  this  project  possible. 
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those  traditional  techniques  cannot  be  ai)j)lied.  For  example,  congenital  and 
develoinnental  defects,  endocrine  and  metabolic  diseases  and  crippling  effects 
of  travnna  may  be  responsible  for  severe  disability.  One  of  the  major  challenges 
facing  the  orthopaedic  surgeon  is  the  development  of  methods  to  minimize 
the  handicapping  effects  of  musculoskeletal  deformities.  It  is  to  this  aspect  of 
"preventive  medicine"  that  this  demonstration  project  has  devoted  its  atten- 
tion. 

The  effectiveness  of  total  care  foi'  the  handicapj)ed  child  depends  upon  the 
degree  of  understanding  of  the  i)roblems  of  the  child,  the  cjuality  and  co- 
ordination of  mechcal  and  })aramedical  facilities  and  the  continuity  of  care. 
In  orthopaedic  surgery,  jierhaps  more  than  in  most  specialties,  early  recogni- 
tion of  a  i)athological  condition  affords  the  clinician  his  best  opportunity  to 
obtain  maximum  therapeutic  results.  A  child  born  with  a  hip  dislocation,  for 
example,  has  an  excellent  chance  of  developing  a  normal  hip  if  treated  early, 
but  a  poor  chance  if  diagnosis  is  delayed  until  the  child  begins  to  walk  and  a 
limp  is  noticed. 

In  New  York  City,  the  Health  I)ei)artment,  with  the  assistance  of  out- 
standing i)rofessional  medical  and  paramedical  personnel  in  the  community, 
and  the  use  of  advisory  committees,  has  set  standards  for  care  of  the  handi- 
capped child  (1).  The  standards  have  had  two  main  purposes:  1)  establish- 
ment of  minimum  requirements  for  approval  of  an  institution  desirous  of  par- 
ticipating in  the  Medical  Rehabilitation  Program,  and  2)  statement  of  general 
principles  outlining  an  "ideal"  service  to  provide  a  guide  toward  which  hos- 
pitals could  strive  in  the  improvement  of  existing  services.  As  a  result,  many 
different  api^roaches  and  techniques  have  been  develojied  to  render  comprehen- 
sive programs  for  the  handicapped  child  in  New  York  City.  These  depend  upon 
the  community  needs  of  different  sections  of  the  city  and  the  wide  variety  of 
types  of  medical  and  hospital  services  available. 

Regardless  of  apparent  differences  in  programs,  certain  basic  principles  have 
evolved  and  have  been  accepted  as  being  a  definition  of  a  high  caliber  of  total 
care  for  the  handica])p('(l  child.  "With  this  definition  as  a  baseline,  survey  teams 
reviewed  the  hospitals  i)articii)ating  in  the  Medical  Rehabilitation  Program 
(2).  The  findings  were  reported  to  the  Advisory  Committee  of  each  specialty 
(orthopaedic  surgery,  cardiac  surgery,  cleft  palate,  pediatrics,  otology,  ophthal- 
mology, etc.),  composed  of  specialists  in  the  particular  medical  field,  and 
community  leaders  in  all  medical  and  paramedical  areas  relating  to  the 
handicapped  child.  The  recommendations  of  these  Advisory  Committees 
formed  the  basis  for  approval  or  disapproval  of  the  institution,  as  well  as  a 
guide  to  the  institution  as  to  weaknesses  in  its  program.  This  technique  has 
resulted  in  significant  improvement  of  care  for  children  with  physical  handi- 
caps in  New  York  City  (3 ) . 

Recent  medical  advances,  such  as  the  use  of  antibiotics,  vaccines,  and 
improved  public  health  measures,  have  resulted  in  the  decline  in  incidence  of 
many  chronic  conditions  such  as  osteomyelitis,  tuberculosis  and  polio- 
myelitis, and  have  controlled  many  complications  that  might  have  led  to  pro- 
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longed  hospitalization  (4).  Concomitant  improvement  in  puhlic  health  nursing, 
special  etlucationul  facilities,  vocational  services  and  welfare  |)rofi;rams  have 
permitted  earlier  discharge  of  patients  from  hospitals.  As  the  number  of  chil- 
dren being  treated  in  in-patient  facilities  declined,  and  those  treated  as  out- 
patients increased,  it  became  evident  that  imjjroved  out-patient  facilities  for 
handicap])ed  children  would  l)e  rcHjuired.  In  1957,  the  Health  Department  sur- 
veyed twenty  orthopaedic  out-patient  clinics  in  New  York  City,  and  ex- 
plored the  status  of  out-patient  services.  On  the  basis  of  the  published  observa- 
tions (5)  a  Guide  (6)  was  developed  expressing  a  philosophy  of  standards  for 
out-patient  care  of  the  orthopaedically  handicapped  child.  Many  of  the  theo- 
retical concepts  expressed  in  that  Guide  form  the  basis  of  the  present  investiga- 
tion which  is,  in  part,  an  inquiry  into  the  practical  validity  of  those  concepts. 

METHODS 

This  study  was  conducted  over  a  three-year  period  (April  1,  1959 — March 
30,  1962)  in  the  Department  of  Orthopaedic  Surgery  of  The  Mount  Sinai 
Hospital.  This  1,200  bed  voluntary  hospital  has  a  fully  approved  residency 
training  program  in  orthopaedic  surgery  as  well  as  in  related  medical  spe- 
cialties (pediatrics,  obstetrics,  medicine  and  psychiatry),  and  an  excellent 
physical  medicine,  social  service  and  nursing  staff.  Rather  than  attempting  to 
develop  the  "ideal"  type  of  demonstration  clinic,  the  project  was  designed  as 
an  experimental  investigation  of  individual  techniques  and  methods  employed 
in  the  out-jjatient  department.  An  attempt  was  made  to  evaluate  aspects  of 
the  program  for  total  care  of  the  handicapped  child  including  early  case  find- 
ing, co-ordinated  medical  and  paramedical  services  and  continuity  of  care. 
Where  the  experimental  method  could  be  measured  statistically,  the  study  was 
planned  for  that  type  of  evaluation.  Because  of  the  nature  of  some  of  the 
problems  investigated,  only  qualitative  evaluations  could  be  made. 

At  The  Mount  Sinai  Hospital  two  children's  orthopaedic  clinics  are  held 
weekly,  accepting  children  up  to  the  age  of  seventeen  from  all  areas  of  the  city. 
Fees  are  charged  according  to  ability  to  pay,  but  no  patient  is  denied  admis- 
sion to  the  clinic  because  of  inability  to  pay.  Visits  average  4,000  per  year. 

ORGANIZATION 

Medical  Staff 

A.  Orthopaedic  Surgeon.  The  extensive  effort  and  time  required  to  complete 
the  curriculum  of  surgical,  basic  science,  research,  trauma  and  children's  ortho- 
paedic training  in  the  hospital  often  delegates  the  care  of  the  ambulatory  and 
"less  severely  ill"  patient  to  a  position  of  secondary  importance.  Although  the 
ambulatory  patient  will  occupy  the  major  portion  of  his  time  and  attention  in 
practice,  and  be  his  major  source  of  case  finding  and  early  diagnosis,  the 
resident  is  generally  less  interested  in  the  clinic  patient  because  of  the  "non- 
surgical" and  "non-acute"  nature  of  his  problems.  It  is  the  responsibility  of 
the  chief  and  orthoi^acdic  attending  staff  to  view-  the  clinic  as  an  important 
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part  of  the  service  as  a  whole,  both  for  resident  training;  in  ambulatory  ortho- 
paedics and  continuity  of  care  of  the  patient. 

It  is  generally  agreed  that  where  active  teaching  is  an  important  part  of  a 
residency  ]M-ogram,  a  higher  caliber  of  medical  care  results.  Three  basic  types 
of  teaching  techniques  were  tested  in  the  clinic:  didactic,  patient-oriented,  and 
conferences.  Although  limitation  of  time  and  space  in  the  clinic  did  not  permit 
formal  didactic  teaching  sessions  there,  examples  of  material  discussed  during  the 
didactic  portion  of  the  three-year  residency  program  were  demonstrated  con- 
stantly to  the  resident  staff,  utilizing  out-patients  who  presented  these  condi- 
tions. Individual  patient-oriented  teaching  was  found  to  be  most  effective  when 
conducted  simultaneously  with  patient  care.  "Teaching"  as  it  related  solely  to 
the  orthopaedic  condition  was  incomplete,  and  did  not  give  the  resident  an  un- 
derstanding of  the  need  for  continuity  of  care.  Prescribing  a  brace,  for  example, 
without  taking  into  account  parental  accejDtance  and  understanding,  the  child's 
habits  and  pediatric  histoiy,  the  home  and  school  situation,  etc.,  frequently  re- 
sulted in  failure  of  treatment  because  the  appliance  was  not  used. 

Residents  examined  all  new  and  old  patients  and  conferred  with  the  attend- 
ing orthopaedic  surgeon.  According  to  the  classical  technique  of  "clinic  cover- 
age," the  resident  consults  the  attending  only  in  problem  cases.  When  this 
method  was  evaluated  it  was  found  that  the  resident  staff  was  not  guided  in 
observations  and  diagnostic  techniques  and  frequently  "experience"  consisted 
of  repeating  the  same  errors.  The  most  effective  patient-care  teaching  tech- 
nique was  the  active  participation  of  the  attending  orthopaedic  surgeon  during 
resident  examinations,  histories,  discussions,  and  planning  of  regimens  of 
care.  In  addition  valuable  information  was  gained  as  to  the  maturity  of  the 
resident  and  his  progress  in  the  training  program  by  checking  the  parent's 
understanding  of  the  nature  of  the  child's  illness,  and  the  purposes  and  details 
of  the  treatment  outlined.  The  entire  resident  grouji  was  called  together  to 
discuss  interesting  patients  and  points  of  examination.  The  presence  of  an 
attending  orthopaedic  surgeon  playing  an  active  teaching  role  in  the  clinic  and 
working  closely  with  the  residents  permitted  many  major  decisions  to  be  made 
without  unnecessary  in-patient  admissions. 

Since  the  clinic  was  generally  extremely  busy,  convening  conferences  at  the 
time  that  problems  arose  resulted  in  long  waiting  periods  for  the  other  pa- 
tients. When  a  patient  presented  a  complex  prol^lem  he  was  asked  to  remain 
until  the  end  of  the  clinic  session.  Where  this  was  not  practical,  the  next 
apj:)ointment  was  made  toward  the  end  of  another  clinic  session  when  inter- 
ested personnel  (physiatrist,  pediatrician,  social  worker,  or  other  medical 
specialist)  who  were  not  jiresent  routinely,  could  attend.  These  conferences 
served  as  teaching  sessions  in  the  "team"  approach,  and  permitted  exchange  of 
ideas  in  rendering  co-ordinated  care  in  complicated  cases. 

A  well-integrated  program  in  which  residents  attended  both  in-  and  out- 
patient department  activities  was  found  to  be  the  most  effective  link  in  con- 
tinuity of  care.  Close  continuity  was  best  maintained  when,  on  discharge  from 
the  hospital,  or  on  the  first  visit  to  the  clinic,  the  patient  was  assigned  to  a 
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p;irti('ular  resident  who  spoke  to  the  family,  (hscusscil  the  treatment  oi'  fol- 
k)\v-up  course,  and  ])ersonally  examined  and  treated  the  patient  in  I  lie  ehnic 
at  each  visit.  \Mien  ])i-()hk'nis  arose  between  appointments,  it  was  easy  for  the 
patient  to  contact  "his"  doctor  and  maintain  a  ])ersonal  rehationshif) 
tlu-oughout  treatment.  lOven  at  final  follow-up,  it  was  the  same  resident  who 
presented  the  patient  to  the  staff  for  evaluation. 

Specialty  clinics  (clubfoot,  scoliosis,  etc.),  which  were  staffed  by  attending 
orthopaedic  surgeons  with  particular  knowledge  and  interest  in  these  condi- 
tions, i)ermitted  better  continuity  of  care,  better  teaching  of  I'esidents,  as  well 
as  co-ordination  with  paramedical  services. 

B.  The  Pediatrician.  He  is  the  most  important  person  in  the  early  diagnosis  of 
orthopaedic  handicaps  (7).  He  performs  the  first  com])lete  jihysical  examina- 
tion of  the  newborn  child  and  follows  him  through  infancy  and  childhood.  It 
is  the  responsibility  of  the  orthopaedic  surgeon  to  train  the  pediatrician  so  that 
he  can  detect  positive  or  sus}iicious  signs  of  congenital  deformity  or  develoi)- 
mental  disease. 

In  most  hospitals  pediatricians  obtain  their  orthopaedic  training  by  observ- 
ing in-j^atients  who  are  receiving  complicated  and  highly  specialized  ortho- 
paedic care  (surgical,  casts,  etc.).  This  is  often  supplemented  by  didactic 
lectures  and  demonstrations.  The  most  effective  pediatric  training  technique 
demonstrated  in  this  jM'oject  was  the  assignment  of  a  pediatric  resident  to  the 
orthopaedic  clinic.  The  resident  became  part  of  the  regular  clinic  and  partici- 
pated in  examination  and  discussion  of  patients.  He  learned  to  detect  early 
signs  of  orthopaedic  handicaps  and  became  familiar  with  diagnosis  and  practical 
management  of  simple  ambulatory  pediatric  orthoj^aedic  problems  that  would 
be  seen  in  his  office  jiractice.  Not  only  was  there  universal  satisfaction  with 
this  technique  of  training,  but  referral  of  significant  orthopaedic  problems 
from  the  i)ediatric  service  increased,  while  referral  of  simple  "physiologically 
normal"  conditions  decreased.  An  initial  i)roblem  that  arose  was  the  tendency 
to  ask  the  pediatrician  to  examine  children  in  order  to  avoid  visits  to  the 
pediatric  clinic.  This  resulted  in  a  miniature  pediatric  clinic  and  no  instruction 
in  orthopaedics.  Although  a  technique  has  not  yet  been  developed,  it  is  prob- 
ably ideal  to  have  both  pediatric  and  orthopaedic  care  rendered  at  the  same 
time  and  place. 

The  pediatrician's  presence  was  invaluable  in  detecting  problems  relating 
to  growth  and  development  and  overt  pediatric  conditions  that  generally  go 
unrecognized  in  an  orthopaedic  clinic.  The  pediatrician  helped  to  train  the 
orthopaedic  resident  while  he  himself  learned  ambulatory  pediatric  ortho- 
paedics. 

In  addition,  a  "check-list"  type  of  examination  was  taught  to  the  pediatric 
residents  by  means  of  Kodachrome  films  and  clinical  demonstrations  to  em- 
phasize the  need  for  repeated  complete  orthopaedic  re-examination  of  the 
infant  and  young  child.  Pediatricians  were  encouraged  to  go  through  this 
check-list  on  each  general  examination.  Its  importance  was  documented  during 
this  study  by  examples  and  statistics  of  certain  conditions  1)  not  present  at 
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birth  which  may  develop  or  become  obvious  at  a  later  date,  and  2)  the  clear- 
cut  diagnostic  signs  of  deformity  which  may  not  be  easily  recognizable  on 
examination  of  the  very  young  chikl.  It  was  important  to  emphasize  that  an 
initial  examination  demonstrating  an  apparently  "normal"  child  too  often 
blinds  the  jjediatrician  to  the  possible  develojnnent  or  manifestation  of  an 
orthopaedic  condition  at  a  later  date. 

C.  Consultotion  irith  Other  Medical  Specialists.  Impersonal  referral  and 
failure  of  the  parent  to  understand  the  purpose  of  a  consultation  often  led  to 
long  delays  and  liroken  ajipointments.  These  were  minimized  by  administra- 
tive facilitation  of  prompt  referral,  preferably  to  a  particular  doctor  in  the 
specialty  clinic  who  had  worked  with  the  team,  and  careful  explanation  by  the 
orthopaedist  to  the  parent  of  the  reasons  for  the  consultation.  On  return  from 
the  consulting  clinic  the  same  orthopaedic  resident  resumed  medical  responsi- 
bility for  the  child.  Where  possible,  such  as  instances  requiring  {)hysical  medi- 
cine consultation,  personnel  normally  present  in  the  hospital  would  come  to 
the  clinic  to  see  the  child,  thus  avoiding  one  or  two  extra  visits  (  8) . 

Xursing 

On  both  in-  and  out-patient  services  the  nurse  plays  a  significant  role  in 
carrying  out  medical  orders  and  insuring  the  success  of  prescribed  medical 
therapy  (9).  A  large  part  of  nursing  time  however  is  generally  expended  in 
nonprofessional  administrative  efforts  such  as  answering  telephones,  calling 
patients  into  the  examining  rooms,  making  new  appointments,  obtaining 
charts,  filling  out  forms  (x-ray,  lab  test,  etc.)  and  functioning  as  a  traffic 
manager,  which  far  outweigh  her  nursing  duties  ( 10 1 .  This  inquiry  attempted 
to  redefine  her  role  in  the  clinic  and  to  develop  techniques  whereby  maximum 
use  could  be  made  of  her  professional  skills.  This  was  made  possible  by  the 
introduction  of  a  new  category  of  individual  to  the  clinic  team,  an  administra- 
tive assistant,  in  whom  was  vested  the  responsibility  for  all  administrative 
duties  formerly  j^erformed  by  the  nurse  as  well  as  by  other  clinic  personnel. 

The  first  step  was  to  obtain  a  competent  and  interested  nurse  and  to  train 
her  in  principles  of  ambulatory  orthopaedics.  This  was  accomplished  by  having 
her  present  during  examinations  of  patients  and  discussions  with  parents  as 
well  as  by  explaining  to  her  the  significance  of  specific  observations,  purposes 
of  treatment  and  outlined  goals.  It  then  became  possible  for  her  to  function 
more  effectively  in  her  professional  capacity  and  as  an  eft'ective  teacher  to  the 
student  nurses.  In  addition  to  her  medical  responsibilities  the  nurse's  most  sig- 
nificant roles  were:  a)  as  parent  counselor  and  b)  as  liaison  with  community 
agencies. 

A.  Parent  Counselor.  A  survey  of  parents,  at  various  stages  in  their  children's 
treatment,  indicated  that  few  had  a  clear  understanding  of  the  basic  nature 
of  the  medical  problem,  why  the  child  was  being  treated,  and  the  reasons  for 
the  prescription  of  a  certain  type  of  therapy.  Lack  of  understanding  as  to  the 
purposes  and  goals  of  the  treatment  was  one  of  the  most  common  causes  of 
failure  of  the  treatment  itself  (  broken  appointments,  laxity  in  following  orders 
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for  manipulation,  braces  and  exercises,  etc.).  The  responsibility  for  conveying 
this  understanding  to  the  parent  rests  with  the  examining  and  treating  i)hysi- 
cian.  However,  the  parent's  fear  and  apprehension  while  in  the  i)resence  of 
the  doctor,  language  bai'riers,  distractions  in  the  presence  of  a  rest- 
less child  or  siblings  often  contributed  to  a  breakdown  in  communications. 
Before  the  child  left  the  clinic  the  nurse  conferred  with  the  parent  as  to  her 
comprehension  of  what  the  doctor  had  said  and  checked  this  against  the  doc- 
tor's note  on  the  chart.  AVhen  a  new  brace  was  received,  for  example,  the  mother 
was  asked  to  apply  the  brace  and  demonstrate  its  use.  The  nurse  would  then 
clarify  any  points  that  were  not  comi)letely  understood  and  would  be  certain 
that  the  mother  recognized  the  purpose  of  the  treatment  and  the  need  for 
follow-up  visits.  If  iirol)lcms  arose  where  further  clarification  was  required, 
the  physician  would  again  discuss  the  problem  with  the  parent.  Because  par- 
ents were  generally  more  relaxed  in  the  presence  of  the  nurse  than  the  doctor, 
it  was  often  possible  for  her  to  determine  when  ]3ublic  health  or  visiting  nurse 
referral  was  necessary.  If  the  social  prol)lem  exceeded  her  capability,  the  nurse 
either  called  upon  the  social  worker  for  assistance  or  referred  the  patient  to 
the  worker. 

B.  Liaison  ivith  C ommunity  Agencies.  Close  contact  with  community  nurs- 
ing and  therapy  services  which  work  with,  and  understand  the  philosophy  and 
techniques  of  the  clinic  is  an  essential  part  of  the  nurse's  duties.  This  contact 
insured  continuity  and  success  of  the  prescribed  treatment.  Regular  reports 
from  the  community  agencies  in  writing  and  by  telephone  permitted  the  clinic 
nurse  constant  awareness  of  problems  as  they  arose  (re-bracing,  casts,  etc.) 
between  clinic  visits. 

Recommendations  by  the  Visiting  Nurse  led  to  improvement  of  methods  of 
parent  instruction  and  counseling,  and  an  awareness  of  common  obstacles  in 
the  home  that  might  interfere  with  the  success  of  certain  types  of  treatment. 
The  community  nursing  and  therapy  personnel  were  encouraged  to  visit  the 
clinic  as  a  further  link  in  continuity  of  care. 

Counseling  of  parents  by  the  nurse  in  the  newborn  nursery  appeared  to  im- 
prove the  attendance  of  children  referred  from  the  nursery  for  orthopaedic 
care  or  observation.  The  need  for  this  type  of  service  was  suggested  as  a  result 
of  interviews  of  a  large  number  of  new  mothers  who  after  being  referred 
from  the  nursery,  brought  their  infants  of  six  to  eight  weeks  of  age  to  the 
orthopaedic  clinic.  Most  of  the  parents  had  little  or  no  understanding  of  why 
they  had  been  referrred.  Reaction  varied  from  the  feeling  that  the  visits  were 
unnecessary,  since  there  was  often  no  visible  physical  defect,  to  extreme  fear 
that  there  might  be  a  "hidden"  defect  that  was  serious. 

Social  Worker 

The  social  worker  in  the  medical  setting  is  an  essential  member  of  the  treat- 
ing team,  and  shares  in  the  responsibility  for  the  success  of  medical  therapy 
(11).  Rehabilitation  of  the  child  often  requires  not  only  treatment  of  his  ortho- 
paedic defect,  but  also  attention  to  his  social,  educational  and  emotional 
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situation  as  it  affects  or  is  affected  by  his  medical  problem.  Among  the  factors 
interfering  with  the  success  of  medical  treatment  in  which  the  medical  social 
worker  may  play  an  im])ortant  role  are:  the  reaction  of  the  child  and  his  par- 
ents to  the  problem,  existing  financial  difficulties,  interrelationship  problems 
which  affect  the  medical  direction,  i)ertinent  cidtural  ]iatterns  conflicting  with 
medical  and  social  planning  and  a  lack  of  knowledge  regarding  the  utilization 
of  comnumity  resources. 

This  i)roj(M't  attempted  to  define  the  most  effective  use  of  the  social  worker 
in  a  pediatric  orthopaedic  out-patient  department.  It  was  found  that  one 
social  worker  assigned  to  both  the  in-patient  and  out-patient  service  (rather 
than  separate  hospital  and  clinic  social  workers)  made  for  closer  continuity 
of  care. 

An  attempt  was  made  to  determine  whether  instruction  of  clinic  personnel 
in  early  recognition  of  social  problems  that  interfere  with  the  success  of  medical 
treatment  might  improve  patient  care.  Prior  to  each  clinic  session  the  social 
worker  reviewed  the  medical  charts  of  new  jiatients  to  determine  the  family 
make-up,  ethnic  background,  income  level,  source  of  referral,  and  care  that 
the  child  was  receiving  in  the  hospital  or  clinics.  Of  the  57  charts  reviewed  it 
was  found  that  the  ethnic  background  for  this  group  was  54.5%  Puerto  Rican, 
35.1%  Negro,  10.4%  other.  This  distrilnition  of  patients  was  typical  of  the 
current  hospital  population  in  the  general  pediatric  clinic,  thus  indicating  no 
special  circumstances  for  the  oi'thopaedic  clinic.  Seventy-five  per  cent  of  the 
patients  came  from  within  a  forty-block  radius  of  the  hospital.  Sources  of 
referral  covered  a  broad  spectrum  of  agencies,  the  most  frequent  of  these 
being  the  New  York  City  Department  of  Health  Orthopaedic  Consultation 
Service,  and  Mount  Sinai  Emergency  Service.  The  social  worker  was  present 
at  the  medical  interview,  examination  and  discussion  with  the  parents  of  each 
of  these  patients,  as  well  as  with  some  revisit  patients.  She  utilized  problem 
situations  such  as  apparent  parent  or  child  anxiety  reaction,  lack  of  under- 
standing of  results  of  the  examination,  or  difficulty  in  communication,  as  dem- 
onstration opi^ortunities.  She  explored  the  problem  with  the  patient  and/or 
parent  to  determine  their  understanding  of  the  situation  and  ability  to  follow 
through  with  recommendations.  Each  situation  was  discussed  with  the  physi- 
cians and  nurses  and,  where  indicated,  ongoing  social  service  care  was  instituted. 
This  technique  made  the  j^hysician  and  nurse  more  aware  of  signs  of  problems 
of  the  patient  and  his  family,  helped  to  dramatize  the  concept  of  medical 
team  care  of  the  orthopaedically  handicapi)ed  child,  and  assisted  in  making 
more  realistic  plans  for  future  treatment  and  management  of  the  patient. 
Its  success,  which  was  obvious  to  all  members  of  the  team,  was  demonstrated 
by  the  relatively  few  situations  where  the  Visiting  Nurse  reported  any  prol)- 
lems  in  the  home  which  had  not  been  anticipated  in  the  clinic.  As  a  result  of 
this  study  the  social  worker  was  able  to  compile  the  following  general  outline 
of  questions,  to  serve  as  a  guide  to  clinic  personnel,  that  might  elicit  informa- 
tion as  to  a  patient's  and/or  family's  understanding  of  orthopaedic  conditions 
and  their  implications: 
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1.  What  do  you  undorf5tan(l  about  the  concHtion? 

2.  What  precautions,  if  any,  need  to  be  taken? 

3.  Wliat  limitations  arc  there  on  daily  living? 

(a)  It  iy  important  to  stress  normal  activity. 

(b)  When  the  child  is  of  school  ago,  the  kind  of  schooling  (regular  class, 
special  class  or  home  teaching)  and  possible  time  involved  should  be 
specified. 

4.  What  is  the  expectation  for  cui'e  oi'  handicap? 

5.  What  will  treatment  consist  of  and  where  will  it  be  given? 

6.  If  an  appliance  is  needed,  how  will  it  affect  patient  and  family? 

The  social  worker,  therefore,  came  to  serve  as  an  "instructor"  to  the  rest 
of  the  team  in  case  finding  and  management  of  social  factors  as  they  related 
to  the  basic  medical  problems.  When  these  problems  could  not  be  managed 
by  physician-nurse  conferences,  the  social  worker  was  consulted  for  her  pro- 
fessional assistance.  This  role  of  the  social  worker  must  be  reinitiated  with 
each  turnover  of  resident  staf^. 

An  im]3ortant  general  observation  is  the  difficulty  that  most  patients  and 
their  families  have  in  taking  the  initiative  in  raising  questions  about  the  medical 
condition,  its  implications,  or  the  treatment  or  social  planning  suggested.  An- 
ticipation of  these  problems  by  an  alert  clinic  "team"  and  careful  explanation 
by  the  j^hysician,  nurse  and  social  worker,  must  be  coupled  with  assur- 
ance that  adccjuate  untlerstanding  has  been  achieved  hy  the  patient  and/or 
family. 

During  this  project  the  social  worker  listed  community  facilities  and  services 
available  to  children  with  orthopaedic  handicaps  that  were  most  commonly 
utilized  at  this  Hospital.  This  list  is  now  available  to  all  clinic  personnel  and 
has  been  helpful  to  attending  physicians  in  their  private  practices.  Although 
a  general  survey  of  comnumity  gaps  was  not  attempted,  some  areas  of  need  for 
resources  were  readily  ai)parent.  These  include:  transportation  to  clinic  of  the 
severely  handicapi)ed  child,  payment  for  visits  and  special  services  (casting) 
on  an  out-patient  basis,  group  educational  opportunities  for  the  severely 
handicapped  child  to  supjdcment  home  teaching,  and  group  recreational  activi- 
ties for  the  severely  handicapped  child  who  so  often  becomes  isolated  from  his 
peers. 

The  presence  of  a  social  service  case  aide  in  the  clinic  stimulated  more 
efficient  processing  of  forms  and  reciuests  for  shoe  and  brace  prescrijitions, 
camp  placement,  etc.,  and  helped  to  curtail  waiting  time  for  patients. 

A  dminis  tra  t  iv e  A  ssis  to  n  t 

Analysis  of  the  administrative  duties  performed  by  the  nurse,  social  worker, 
and  physician  revealed  that  these  nonprofessional  involvements  took  time  from 
professional  care  and  were  not  co-ordinated. 

The  administrative  assistant  functioned  as  the  liaison  between  the  in-  and 
out-patient,  as  well  as  the  follow-up  services,  co-ordinating  the  many  different 
facets  of  activity  in  the  clinic  itself.  She  relieved  the  nurse  of  her  administra- 
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live  responsibilities  and  supervised  the  work  of  the  clerk  and  volunteer.  She 
became  the  "traffic  manafier,"  l)eing  sure  that  the  proper  cases  were  assigned 
to  each  ])hysician  and  that  the  "clinic  flow"  was  smooth.  Slie  made  the  aj)- 
jiointments,  kept  cardex  files  which  contained  necessary  information  for  fol- 
low-u|)  of  each  patient,  was  jiersonally  responsible  for  follow-ui"),  was  avail- 
able to  parents  for  telephone  contact,  checked  charts  for  the  clinic,  planned 
the  size  of  the  patient  load  for  each  session,  co-ordinated  x-ray,  laboratory 
and  consultation  services,  supervised  the  messenger  and  clerical  services  and, 
in  general,  became  the  administrative  manager  of  the  clinic,  under  the  direc- 
tion of  the  chief  of  the  clinic.  The  administrative  assistant  served  in  this  same 
ca]iacity  on  the  ward  service,  where  she  co-ordinated  administrative  services 
and  maintained  statistics  and  diagnostic  files.  She  kni'w  the  patients  and 
families,  and  with  a  resident  and  social  worker  pai'ticijiated  in  discharge  jilans 
and  follow-up  ari'angements. 

This  project  clearly  demonstrated  that  when  in-patient,  ambulatory,  and 
follow-U]i  care  is  administrated  by  a  single  individual,  a  greater  degree  of 
continuity  and  co-ordination  is  ])ossil)le  when  comjjared  to  methods  where  the 
administrative  asjjects  of  a  jiatient's  care  are  rendered  l)y  the  efforts  of  a  num- 
ber of  professional  and  nonprofessional  individuals. 

The  following  duties  were  found  to  be  effectively  carried  out  by,  or  under 
the  direction  of  the  administrative  assistant,  relieving  the  nurse,  resident,  and 
social  worker  for  professional  services: 

1.  Charts:  a.  Check  on  missing  charts,  b.  Assign  charts  to  doctors,  c.  Arrange 
for  laboratory  tests. 

2.  X-rays:  a.  Check  on  missing  x-rays.  b.  Send  for  x-rays  during  clinic  ses- 
sion, c.  Arrange  for  x-ray  file  to  be  in  clinic  for  each  appointment,  d.  Ar- 
range for  the  taking  of  x-rays. 

3.  Call  patients  into  examining  rooms. 

4.  Administratively  record  services  rendered  (e.g.,  cast  appliances). 

5.  Answer  telephone. 

6.  Inter^'iew  new  jiatients  for  vital  statistics  for  clinic  records. 

7.  Have  physician  check  charts  on  all  children  who  missed  appointments  to 
determine  importance  of  follow-up. 

8.  Make  and  change  ajipointments. 

9.  Send  new  ai^pointment  when  an  appointment  is  missed. 

10.  Record  follow-up  data  and  "tag"  jiatients  sent  to  other  clinics  for  con- 
sultation. (These  patients  often  do  not  return  to  the  referring  clinic  be- 
cause of  misunderstanding,  ])oor  communication,  or  administrative  prob- 
lems of  a  large  out-patient  service. ) 

ADMINISTRATIVE  PROCEDURES 

Appliances 

When  braces  are  ordered,  instead  of  sending  the  patient  to  the  bracemaker 
with  a  written  prescription,  it  was  found  essential  to  have  the  braceman  meas- 
ure the  child  in  the  clinic  (so  he  fully  understood  the  doctor's  orders),  deliver 
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the  braces  to  the  clinic,  and  be  present  at  "checkout."  This  technique  permitted 
tlie  bracenuin  to  obtain  first-hand  instructions  as  to  altei'ations  or  special 
features,  avoided  many  revisits  to  a  l)race  sho]),  and  ])i-event('d  lack  of  undei- 
standing  on  the  part  of  the  parent  which  freriuently  led  to  failure;  of  the  child 
to  use  the  api)liance.  The  presence  of  tlie  braceman  served  as  an  excellent 
teachin<>;  techni(|vie  for  the  resident  as  well  as  the  attending  staff. 

X-Rays 

By  careful  planning  and  co-operation  with  the  X-Ray  Department,  admin- 
istrative methods  were  developed  to  facilitate  roentgen  examination  on  an 
emergency,  interval,  or  "cast  change"  basis  as  well  as  co-ordinate  availability 
of  x-rays  with  patient  visits. 

Appointment  System 

Most  clinics  attempt  to  limit  the  daily  patient  load  by  some  type  of  appoint- 
ment system.  In  many  out-patient  departments  the  time  assigned  for  regis- 
tration is  the  same  for  all  patients.  This  time  is  often  as  long  as  an  hour  or 
two  prior  to  the  beginning  of  the  clinic  session  itself  to  permit  obtaining  charts 
and  x-rays  and  to  be  certain  that  patients  are  there  when  the  doctor  arrives. 
Since  patients  are  usually  seen  on  a  "first  come,  first  serve"  basis,  many  arrive 
even  earlier. 

A  system  where  each  patient  was  given  a  specific  time  for  a  clinic  appoint- 
ment was  not  found  to  be  feasible.  When  patients  failed  to  appear,  doctors 
wasted  time  waiting  for  them.  When  a  doctor  was  called  away  for  an  emer- 
gency or  was  delayed,  his  patients  were  not  seen.  Also,  since  varying  periods 
of  time  were  required  for  different  patients  and  conditions,  and  time  was  often 
taken  out  for  group  demonstration  and  discussion  of  problem  patients,  a 
"time"  schedule  was  relatively  ineffective. 

The  most  satisfactory  technique  was  found  to  be  division  of  the  clinic  into 
two  sessions,  "early"  and  "late."  The  efficiency  of  this  method  depended  upon 
the  administrative  assistant  who  spoke  to  the  parents  and  made  appoint- 
ments at  a  time  that  was  realistic  for  clinic  and  patient.  Too  often  appoint- 
ments given  arbitrarily  conflict  with  personal  commitments  {i.e.,  calling  for 
other  children  at  school,  feeding  time  of  other  infants,  etc.)  and  cannot  be  kept. 
Once  the  appointment  was  set,  the  chart  and  x-ray  could  be  obtained  before 
the  clinic  session  so  that  all  records  were  in  the  clinic  when  the  patient  arrived. 

Children  assigned  to  the  "early"  session  were  examined  during  the  first  hour 
of  the  clinic.  Even  if  a  patient  did  not  appear,  physician's  time  was  not  wasted 
since  the  number  assigned  for  that  period  made  allowances  for  the  percentage 
of  broken  appointments  generally  noted  in  the  clinic.  Similarly,  "late"  appoint- 
ments were  seen  during  the  second  hour.  The  cast  room  was  in  operation 
simultaneously,  and  had  its  own  "early"  and  "late"  roster. 

Follow-Up 

Since  it  was  considered  that  a  major  responsibility  of  the  treating  agency 
was  to  insure  as  far  as  j^ossible  the  success  of  prescribed  treatment,  the  proj- 
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vci  included  an  investigation  of  various  types  of  follow-up  efforts  that  a 
clinic  might  make  to  aid  and  encourage  completion  of  treatment. 

A  special  follo\v-u|)  card  piovided  data  to  evaluate  the  effectiveness  of 
different  follow-up  procedures.  The  following  data  was  recorded:  name, 
address,  jihone  numl)er,  clinic  chart  number,  business  address  and  telephone 
iiunihcr  of  fathci-,  or  friend  or  relative  of  family,  school,  child  health  stations 
attended,  referral  agency,  data  of  visit.  Each  new  appointment  was  recorded 
and  the  date  was  circled  when  the  appointment  was  not  kept.  A  notation  for 
each  correspondence  was  made.  The  resident  reviewed  the  charts  of  all  patients 
who  failed  to  attend  to  determine  whether  the  medical  condition  warranted 
further  efforts  at  follow-up.  The  degree  of  follow-up  effort  depended  upon 
the  physician's  evaluation  of  the  sevt'rity  of  the  condition  and  the  medical 
need  for  further  care. 

Follow-Up  Groups.  At  the  time  of  the  first  visit  to  the  clinic  patients  were 
placed  alternately  into  one  of  the  following  groups: 

Group  A.  Maximum  follow-uj)  effort.  A  patient  in  this  group  would  not  be 
discharged  foi-  lack  of  attendance  unless  he  had  failed  to  respond  with  a  visit 
to  a  postcard,  a  phone  call  when  jiossible,  and  a  certified  letter.  This  cycle,  or 
that  part  of  it  necessary  to  pioduce  a  visit,  was  repeated  after  each  missed 
appointment. 

Group  B.  No  foUow-u]).  The  initiative  in  requesting  a  new  appointment, 
after  having  missed  a  visit,  was  left  entirely  to  the  parents  of  the  patient.  If 
a  new  appointment  was  not  made  the  patient  was  discharged  for  lack  of 
attendance. 

As  the  project  jirogressed  other  follow-up  groups  were  established. 

Group  C.  Patients  received  a  hospital-addressed  stamped  postcard  and  were 
instructed  verbally  and  in  writing  as  to  use  of  card  to  obtain  new  appointment. 

Group  D.  Same  as  C  but  verbal  instruction  was  omitted. 

Group  F.  Same  as  C  but  patient  had  to  supply  postage  stamp. 

Group  N.  Maximum  follow-up  effort  expended.  This  group  was  composed  of 
children  referred  from  The  Mount  Sinai  Hospital's  newborn  nursery. 

Discharge  Categories.  When  his  attendance  at  the  clinic  was  terminated,  or 
when  an  appointment  was  missed,  each  patient  was  classified  l)y  the  clinic 
physician  into  one  of  the  following  categories: 

Category  I.  Maximum  benefit  achieved — discharge  by  the  clinic  phy.sician 
at  the  completion  of  observation  or  treatment  program. 

Category  2.  Terminated  clinic  attendance  prematurely — in  this  category 
the  clinic  physician  felt  that  the  condition  had  imi)roved  to  such  an  extent  that 
clinic  follow-up  was  no  longer  indicated. 

Category  3.  No  observation  or  treatment  program  necessary — the  clinic 
physician  made  this  determination  after  the  first  or  second  visit. 

Category  4.  Patient  transferred  to  another  agency  or  known  to  have  left  the 
city. 

Category  5.  Discharged  for  non-attendance  at  the  clinic — this  determina- 
tion was  made  after  a  four-month  interval  since  the  last  visit.  Patients  in  this 
category  were  considered  as  retiuiring  further  care. 
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C;itcp;oiy  7.  Still  under  treatment  at  the  end  of  study  period,  having 
attended  the  elinie  for  over  a  yeai-  with  a  good  record  of  attendance  and  with 
freciuent  visits. 

C'ategoiy  9.  Still  under  treatment  at  the  end  of  the  sttidy  period,  having 
a  poor  attendance  record  or  with  few  visits  made. 

Each  patient  was  considered  as  either  a  success  or  a  failure  on  his  com[)le- 
tion  of  his  therajjy  i)i'ograni.  Some  patients  were  considered  in  a  neutral  group, 
i.e.,  those  for  whom  no  fui'ther  treatment  was  necessaiy  (Category  2).  The 
value  of  the  follow-up  activities  was  evident  regardless  of  whether  those  who 
achieved  ]iart  of  the  treatment  goal  were  considered  as  neutral  or  success. 

From  the  statistical  evaluation  based  on  these  criteria  it  was  evident  that 
simjile  follow-up  ettoi'ts  (new  a])pointments  sent  by  clinic)  resulted  in  a  sig- 

TABLE  I 


Distribution  of  the  1,357  Patients  Registered  with  the  Pediatric  Orthopaedic  Clinic  May  1959 
through  December  1961,  by  Assignment  of  Patient  to  Follow-Up  Group,  and  by  Type 
of  "Discharge"  of  Patient  by  Clinic  Physician 


FoUow-Up  Group 

Discharge  Category 

Total 

A 

B 

C 

D 

F 

N 

1,357 

302 

258 

111 

105 

46 

535 

1 — Treatment  completed  

367 

95 

66 

19 

19 

168 

2 — No  additional  follow-up  indicated  . 

147 

41 

30 

8 

4 

1 

63 

3 — No  treatment  necessary  

177 

22 

15 

10 

15 

5 

110 

4 — Transfer  to  other  treatment  agency.  . 

70 

14 

6 

2 

3 

1 

44 

5 — Premature  termination  of  treatment. 

428 

73 

116 

56 

50 

19 

114 

7 — Under  care  at  end  of  project  after  a 

long  period  of  consistent  attend- 

ance  

131 

55 

23 

10 

8 

2 

33 

9 — Under  care  only  a  short  while  at  end 

of  project  

37 

2 

2 

6 

6 

18 

3 

nificant  increase  (approximately  23%)  in  the  number  of  those  completing 
treatment,  compared  with  the  control  group  where  no  follow-up  efforts  were 
expended.  When  patients  were  considered  a  "success"  (completed  care)  or 
"failure"  (discharged  because  of  failure  to  attend  the  clinic),  it  was  demon- 
strated that  for  those  receiving  maximum  follow-up  efforts  (Group  A)  67% 
were  successful  while  for  the  other  follow-up  groups  (no  follow-up)  34-43% 
were  considered  successful.  It  is  interesting  that  there  was  no  increase  in  the 
number  of  patients  comi)leting  treatment  by  providing  a  hospital-addressed 
stamped  postcard  or  giving  oral  and  wi'itten  instructions  for  obtaining  a  new 
appointment. 

Although  the  follow-up  efforts  outlined  above  resulted  in  a  signiitcant  in- 
crease in  the  eventual  number  of  patients  returning  to  the  clinic,  this  program 
to  increase  the  per  cent  of  children  completing  the  treatment  program  not  only 
increased  clerical  time  devoted  to  follow-u]),  but  also  decreased  visit-broken 
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appointment  ratio.  It  is  significant  that  in  the  groups  that  completed,  com- 
pared with  those  that  failed  to  complete  the  program,  there  were  a  greater 
luunher  of  missed  appointments  in  that  group  wliei-e  i'ollow-up  efforts  were 
expended.  For  examijle,  in  the  follow-up,  of  tliost'  wlio  completed  the  treat- 
ment program  there  were  4.4  visits  per  missed  appointment,  while  in  the  group 
without  follow-up  thei-e  were  9.5  -visits  ])er  broken  appointment.  There  were 
0.8  visits  per  broken  appointment  in  the  gi'oup  that  failed  to  complete  the 
treatment  program  and  who  receivetl  follow-up,  while  those  without  clinic 
follow-ups  had  made  2.0  visits  i)er  broken  appointment.  These  observations 
indicate  that  when  patients  are  aware  that  the  clinic  will  send  a  new  appoint- 
ment if  they  fail  to  keep  one,  they  are  more  prone  to  break  their  appointments. 

It  was  also  noted  that  the  per  cent  of  broken  appointments  and  follow-up 
ol)servations  were  similar  regardless  of  the  diagnosis,  and  regardless  of 
whether  the  condition  itself  represented  mild,  moderate,  or  potentially  severe 
handicaps. 

Approximately  85%  of  all  revisits  were  made  as  scheduled  or  at  another 
appointment  requested  by  the  parent.  The  group  in  the  category  of  clinic 
follow-up  A  (maximum  follow-up  effort)  who  completed  the  treatment  pro- 
gram made  90%  of  the  clinic  visits  on  their  own  initiative.  These  may  have 
failed  an  appointment  and  requested  a  new  one  themselves.  Another  7.5%  of 
the  visits  were  made  after  one  correspondence.  An  additional  2%  came  after 
two  or  three  further  letters.  This  indicates  that  maximum  gain  results  from  a 
single  follow-up  effort  and  is  a  guide  as  to  the  results  that  can  be  expected  by 
the  techniques  used  in  this  study. 

The  quality  of  clinic  care  depends  i)rimarily  upon  maintaining  continuity 
by  "preventing"  broken  appointments  rather  than  solely  establishing  an  effi- 
cient method  of  follow-up  of  broken  appointments.  Factors  which  cannot  be 
measured  statistically  play  a  major  role  in  encouraging  jiatients  to  return. 
Some  of  these  are  courtesy,  interest,  punctuality  and  patience  on  the  part  of 
the  medical  and  paramedical  staff,  cleanliness  and  privacy,  pleasant  waiting 
areas,  recreational  facilities,  "call-in  privileges"  by  the  patients  when  problems 
arise,  consideration  when  appointments  are  made  as  to  their  convenience  for 
the  parents,  etc. 

ORTHOPAEDIC  CONSULTATION  SERVICE 

The  New  York  City  Health  Dej^artment  Orthopaedic  Consultation  Service 
(12)  has  been  located  at  Mount  Sinai  Hospital  since  1956.  This  clinic  which  is 
staffed  by  an  orthopaedic  surgeon  and  pediatrician  was  established  as  a  case- 
finding  agency.  It  affords  consultation  to  child  health,  school  health,  other 
medical  agencies  and  private  physicians  in  situations  where  orthopaedic  ab- 
normalities are  suspected  and  the  j^atient  cannot  afford  private  consultation. 
This  service  avoids  the  usual  complex  details  involved  in  clinic  referral, 
offers  a  more  personal  con.><ultation,  and  stimulates  early  case-finding. 

Breakdown  in  continuity  of  care  of  this  valuable  case-finding  technique 
was  explored  during  the  course  of  the  project.  It  was  discovered  that  when  an 
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<ai)pointiiK'nt  to  the  orthoi);i(M|ic  coiisullalion  service  \v;is  miyscd,  ;is  long  ;is  six 
months  might  elapse  befoi-e  the  referring  agency  recognized  that  the  child  had 
not  been  seen.  If  no  effort  was  made  l)y  the  i)arent  to  seek  another  appoint- 
ment, there  was  no  mechanism  in  the  consultation  clinic  to  follow-up  the 
broken  appointment.  One  hundred  sixty  children  wwv  lefeired  for  oilho- 
paedic  consultation  during  the  first  (quarter  of  1959.  Of  this  number  oG,  or  35% 
failed  to  keep  their  appointment.  Of  104  patients  who  received  consultation, 
59%  were  referred  for  treatment,  indicating  the  effectiveness  of  the  clinic  as  a 
case-finding  technique.  Of  49  patients  who  failed  to  keep  their  appointments 
at  the  orthopaedic  consultation  service,  almost  half  never  obtained  a  consul- 
tation, emphasizing  the  need  for  a  follow-up  system  in  the  present  ortho- 
paedic consultation  service  and  in  future  orthopaedic  consultation  clinics 
that  might  be  developed  in  other  boroughs.* 

An  effort  was  made  to  demonstrate  whether  close  co-operation  between  the 
Orthopaedic  Consultation  Service  and  a  treatment  center  to  which  the  children 
were  I'eferred  might  prove  effective  in  increasing  the  percentage  of  children 
who  would  undertake  and  complete  the  prescribed  treatment  program.  All 
children  referred  to  the  Orthopaedic  Consultation  Service  by  health  stations 
in  the  neighborhood  of  The  Mount  Sinai  Hospital,  and  who  were  in  need  of 
therapy,  were  referred  to  The  Mount  Sinai  Hospital  Pediatric  Orthopaedic 
Clinic  and  were  asked  to  register  for  this  clinic  immediately  after  the  ortho- 
l)aedic  consultation.  Of  the  43  children  in  this  category  seen  in  the  Ortho- 
paedic Consultation  Service  during  three  months  of  1960,  only  14  or  32%  kept 
the  original  apj^ointment.  However,  after  follow-up  activity  by  The  Mount 
Sinai  Hospital  Orthopaedic  Clinic  was  initiated,  88%  of  the  patients  began  a 
treatment  program.  This  is  in  contrast  with  the  results  of  the  survey  of  the 
1959  orthopaedic  consultation  service  population,  where  it  was  demonstrated 
that  no  more  than  67%  of  the  referred  patients  ever  began  a  treatment  pro- 
gram. 

OTHER  CONSIDERATIONS  IN  STUDY 

(1)  Evaluation  of  "early  vs.  late''  referral.  Records  were  maintained  to 
determine  which  orthopaedic  conditions  could  have  been  detected  at  an  earlier 
tlate,  had  the  examining  and  responsible  medical  agency  been  more  alert  to 
early  signs  of  orthopaedic  disease.  Review  of  these  records  served  as  a  guide 
in  training  pediatricians  within  the  hospital  and  community. 

(2)  Nursery  Liaison.  Correlation  of  the  findings  noted  at  birth  with  those 
subsequently  noted  in  the  clinic,  in  patients  referred  from  the  nursery,  clari- 

*  As  a  result  of  the  finding.s  of  this  project,  it  was  suggested  to  tfie  Bureau  of  Handicaijped 
Children  of  the  New  York  City  Department  of  Health  that  a  follow-up  system  be  initiated 
in  The  Orthopaedic  Consultation  Clinic.  Since  completion  of  the  project  and  during  prep- 
aration of  this  report  such  a  .system  has  been  begun  (A])ril  1963).  When  an  appointment  to 
tiie  Consultation  Clinic  is  missed  the  referral  agencj-  is  notified  and  recjuested  to  make  another 
appointment  for  the  patient.  Preliminary  observations  indicate  that  during  the  short  period 
that  this  system  has  been  in  effect  the  percentage  of  patients  receiving  consultation  has 
risen  from  65%  to  almost  90%  of  those  referred. 
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lied  many  iiu'dical  concei)t!;  that  served  as  a  guide  in  evaluating  those  signs 
and  symptoms  of  orthopaedic  disease  that  are  significant,  those  that  should 
he  continued  under  observation,  and  those  findings  that  may  be  considered 
normal.  Since  it  is  common  to  observe  attitudinal  situations  in  the  immediate 
postpartum  life,  as  well  as  normal  joint  tightness  during  the  first  few  days, 
these  suspicious  findings  were  noted  and  were  observed  in  subsequent  examina- 
tions (131. 

First-hand  instruction  in  diagnosis  of  orthopaedic  conditions  of  the  newborn 
was  accomjilished  by  assignment  of  an  orthopaedic  resident  to  the  nursery  to 
examine  all  newborn  infants  with  each  new  pediatric  resident.  Significant 
statistical  increase  in  referral  of  orthojiaedic  abnormalities  to  the  clinic  re- 
sulted. 

COMMENTS 

Patient-oriented  teaching  conducted  simultaneously  with  patient  care  under 
the  supervision  of  an  attending  orthopaedic  surgeon  was  found  to  be  the  most 
effective  method  of  instruction  in  clinical  orthojiaedics  for  orthopaedic  and 
pediatric  residents.  This  technique  was  an  impetus  for  improving  the  atten- 
tion that  patients  received  and  apparently  simultaneously  improved  the 
caliber  of  care. 

Assignment  of  a  pediatric  resident  to  the  orthopaedic  clinic  permitted  in- 
struction in  the  types  of  orthopaedic  problems  most  frequently  encountered 
in  ofiice  and  hospital  out-patient  practice,  thereby  stimulating  early  diagnosis 
and  offering  instruction  in  management  of  simple  musculoskeletal  problems. 

A  "check-list"  type  of  infant  orthopaedic  examination  was  devised.  Since 
many  orthopaedic  conditions  become  manifest  after  early  infancy,  the  need 
for  re-examination  of  infants  at  6  and  12  months  of  age  was  established.  More 
realistic  criteria  than  had  been  available  previously  were  developed  as  to 
whether  infants  with  apparent  orthopaedic  conditions  required  early  treat- 
ment, continued  observation,  or  no  treatment. 

Sub-specialty  clinics  were  organized  to  permit  children  with  certain  ortho- 
paedic disabilities  such  as  club  foot,  scoliosis,  or  hip  dysplasia  to  be  fol- 
lowed by  one  attending  orthopaedic  surgeon  with  special  interest  and  experi- 
ence in  the  particular  field.  This  technique  proved  very  effective  in  patient 
treatment,  follow-up  and  resident  training. 

Unnecessary  hospital  admissions  were  avoided  by  the  presence  of  an  attend- 
ing orthopaedic  surgeon  in  the  clinic  for  discussion  and  major  decision-making, 
and  by  more  complete  out-patient  workup. 

The  same  resident  following  l)oth  hospitalized  and  clinic  patients  permitted 
an  effective  link  in  continuity  of  care,  and  enabled  the  jiatient  to  be  treated 
by  the  same  doctor  throughout  his  in-patient  and  out-patient  hospital  course. 
It  also  established  personal  contact  between  the  patient  and  "his"  doctor. 

Conferences  with  parents  as  to  the  nature  of  illness,  purpose  of  therapy  and 
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prognosis  were  held  by  iliv  clini<'  physicians  and  nui'scs.  During  Llic;  pcriuil  that 
this  technique  was  enii)loy('(l  in  tlic  clinic,  it  apparently  contributed  sig- 
nificantly to  the  reduction  of  the  number  of  broken  appointments  and  in  the 
increase  of  active  i)arent  co-operation  in  treatment  (bracing,  exercises,  etc.). 

When  patients  with  complex  medical,  social,  educational,  vocational  and 
habilitative  problems  were  given  special  appointments  after  the  clinic  sessions 
more  time  was  available  for  complete  discussion  of  the  case  by  the  entire  team. 

The  most  important  of  the  l)asic  professional  duties  of  the  nurse  in  a  pedi- 
atric orthopaedic  clinic  include:  counseling  of  parents  and  patients,  assisting 
physicians,  checking  on  use  and  care  of  appliances,  checking  of  feasibility 
of  treatment  outlined  in  relation  to  home,  family  and  emotional  factors,  deter- 
mining need  for  social  service  referral,  teaching  students,  carrying  out  inter- 
agency referrals. 

When  the  medical  social  worker  regularly  attended  clinic  sessions,  there  was 
a  general  increase  in  the  awareness  of  all  clinic  personnel  of  the  importance 
of  collaborative  effort  in  the  treatment  of  the  pediatric  orthopaedic  patient. 

The  use  of  the  social  service  case  aide,  serving  as  one  of  the  regularly  assigned 
clinic  personnel,  resulted  in  curtailed  waiting  time  and  less  traveling  within  the 
hospital  for  patients,  more  effective  processing  of  appliance  requests  and 
fewer  instances  where  patient  did  not  follow  through  \vith  obtaining  appli- 
ances. 

The  social  worker  developed  a  training  technique  to  increase  the  clinic  per- 
sonnel's alertness  to  signs  of  possible  difficulty  which  might  affect  the  success 
of  medical  treatment. 

It  was  noted  that  it  was  difficult  for  most  patients,  or  their  families,  to  take 
the  initiative  in  raising  questions  about  the  medical  condition,  its  implications, 
the  treatment  itself,  or  social  planning.  A  general  outline  indicating  the  areas 
and  patterns  of  most  initial  concern  to  patients  and/or  parents  was  developed 
for  the  use  of  other  team  members,  in  their  examination  and  treatment,  so  that 
potential  problems  might  be  anticipated  and  prevented. 

A  list  of  community  resources  most  commonly  used  by  the  patients  and  the 
types  of  assistance  these  services  provide  was  developed  as  a  guide  and  was 
made  available  to  clinic  personnel  and  to  attending  physicians. 

A  study  of  some  of  the  social  characteristics  of  the  jiatient  population  pi'o- 
vided  information  regarding  the  patient  group,  and  indicated  some  areas  for 
possible  further  investigation. 

The  presence  of  a  new  category  of  clinic  personnel,  the  "administrative 
assistant,"  in  the  clinic  freed  the  professional  staff  from  nonprofessional 
duties  and  allowed  more  time  for  examination,  treatment  and  parent-counsel- 
ing by  the  nurse  and  physician.  The  administrative  assistant  assumed  respon- 
sibility for  management  of  the  nonprofessional  aspects  of  the  clinic,  liaison 
with  other  hospital  departments  and  arrangement  of  an  appointment  system. 
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Tlie  attemlanct.'  of  tlir  bracrinan  at  the  clinic  sessions  facilitated  ordering, 
measuring  and  adjustment  of  appliances  and  avoided  vmnecessary  extra 
clinic  visits  and  misunderstandings  that  prevented  proper  use  of  appliance. 

An  '"early"  and  "late"  appointment  system  jiroved  to  l)e  the  most  feasible 
technifiue  in  cutting  down  patient's  waiting  time  and  in  keeping  the  clinic 
running  at  capacity  without  overloading. 

The  largest  gain  in  sending  for  patients  to  return  for  further  treatment  came 
with  only  one  correspondence.  However,  when  the  physician  felt  that  the  child's 
condition  was  of  sufficient  importance  to  require  further  treatment,  it  was 
found  that  a  number  of  patients  who  did  not  respond  to  a  single  correspond- 
ence could  be  brought  back  after  a  certified  letter  was  sent  to  the  home,  or 
Public  Health  or  Visiting  Nurse  referral  was  made. 

In  the  grou])  of  patients  for  which  special  follow-up  procedures  were  estab- 
lished, 67%  completed  treatment  to  the  satisfaction  of  the  doctor  whereas  in  the 
other  groups  only  34-43'^r  of  patients  fell  into  this  category. 

It  was  apparent  that  prevention  of  broken  appointments  could  be  increased 
by  courtesy,  interest  and  patience,  cleanliness  and  privacy,  recreational  fa- 
cilities in  pleasant  waiting  rooms,  telephone  call-in  privileges  when  problems 
arose  and  consideration  of  parents'  convenience  when  appointments  were 
made. 

Special  follow-up  efforts,  which  resulted  in  increase  of  number  of  patients 
returning  to  clinic  and  completing  treatment,  required  extra  clerical  time  and 
increased  the  "broken-appointment"  to  "kept-appointment"  ratio. 

The  concept  of  continuity  of  care  was  employed  where  consultation  with 
other  specialties  was  required.  After  the  consultation  the  administrative 
assistant  made  certain  that  the  referring  orthoiiaedic  surgeon  again  saw  the 
patient  and  discussed  the  consultation  findings  with  the  parent. 

Although  the  specific  medical  problems  of  the  patient  were  the  primary 
concern  of  the  orthojiaedic  and  the  entire  clinic  staff,  it  was  demon.strated 
that  only  by  a  "team"  approach  could  co-ordination  of  medical,  paramedical, 
administrative  and  community  servies,  and  continuity  of  care  be  accomplished. 

SUMMARY 

This  report  outlines  the  results  of  an  investigation  of  techniques  for  improv- 
ing out-patient  care  in  the  children's  orthopaedic  clinic  of  a  large  urban  volun- 
tary hospital.  An  attempt  was  made  to  design  a  program  for  total  care  of  the 
handicapped  child,  including  co-ordinated  medical,  paramedical  and  com- 
munity services,  early  case-finding  and  continuity  of  care.  Each  facet  of  clinic 
and  personnel  operation  was  analyzed  to  define  and  clarify  the  roles  of  the 
professional  and  ancillary  staffs. 

The  material  is  presented  briefly  in  this  report  in  a  manner  so  that  it  might 
be  used:  1)  as  a  guide  to  planning  or  improving  co-ordinated  pediatric  ortho- 
paedic out-patient  services  in  an  urban  community  or,  2)  separate  findings. 
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when  a|)|)lic;il)l(',  ini,u;lit  be  uhsti'actcd  and  utilized  in  individual  out-patient 
programs. 

A  new  category  of  clinic  personnel,  the  adnnnistrative  assistant,  was  estab- 
lished and  her  role  in  the  management  of  the  clinic,  and  the  assumption  of 
responsibility  for  nonprofessional  duties,  formerly  i)erl'ormed  by  the  profes- 
sional staff,  is  reviewed. 
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Co-existent  Plieocliromoeytoiiia  and  Thyroid 
Careinonia  (Sipple's  Syndrome) 

ROGER  H.  KAYE*,  and  FREDERICK  G.  ZAKt,  M.D. 
New  York,  N.  Y. 

The  concurrence  of  pheochroinocytoma  and  thyroid  cancer  has  been  estab- 
lished recently  as  a  significant  phenomenon  (1).  It  is  the  purpose  of  this 
report  to  record  two  new  cases,  to  add  a  follow-up  note  on  a  third  one,  and  to 
review  the  literature. 

Case  1.  L.Q.,  a  65  year  old  Chinese  cleaning-man,  was  admitted  to  the 
Neurological  Service  ( 192404)  with  a  history  of  dizziness,  blurred  vision  and 
ptosis  beginning  eight  days  before  and  soon  followed  by  rapidly  progressive 
weakness  of  the  upper  and  lower  extremities.  On  neurological  examination,  he 
showed  complete  loss  of  ocular  movements  with  fixation  of  pupils  to  light  and 
accommodation.  Caloric  stimulation  of  the  labyrinth  showed  no  response.  The 
gag  reflex  was  diminished  and  dysarthria  was  pronounced.  Muscle  fascicula- 
tions  were  noted  on  chest  and  thighs.  Power  was  markedly  diminished  in  all 
extremities,  more  so  in  the  proximal  musculature.  Deep  tendon  reflexes  were 
abolished.  Testing  of  vibration  and  position  senses  revealed  faulty  perception 
below  the  level  of  the  clavicles.  Electromyograms  disclosed  lower  motor  neuron 
involvement. 

Other  findings  of  note  were  inability  to  expectorate  bronchial  secretions  and 
a  blood  pressure  of  150/60  mm  Hg.  Significant  laboratory  findings  were  a  white 
cell  count  ranging  to  19,000  with  89%  neutrophils,  an  erythrocyte  sedimenta- 
tion rate  (Westergren )  of  80  mm  per  hour  and  a  spinal  fluid  protein  which  rose 
from  33  to  139  mg  per  100  ml.  No  porphobilinogen  was  found  in  the  urine. 

The  patient  was  treated  with  tracheostomy  and  broad  spectrum  antibiotics 
for  his  chronic  pulmonary  disease.  While  the  neurological  disorder  improved 
somewhat,  the  pneumonia  did  not  respond  adequately  and  he  succumbed 
after  one  month.  The  final  clinical  diagnosis  was  diffuse  myeloradiculopathy 
and  brain  stem  encephalopathy,  presumably  infectious  (30). 

Autopsy  (19908)  disclosed  advanced  bronchiectases,  moderate  cor  pulmonale 
and  atrophy  of  the  liver.  Numerous  sections  from  the  central  and  peripheral 
nervous  system  failed  to  show  findings  of  significance,  a  not  uncommon  oc- 
currence in  such  disorders.  Two  incidental  observations,  however,  were 
made  at  autopsy.  A  firm,  ovoid,  pale-tan  nodule,  2  cm  in  greatest  dimension,  in 
the  left  lobe  of  the  thyroid,  proved  to  be  a  follicular  carcinoma  arising  within 
a  benign  colloid  adenoma  (Fig.  1).  The  right  adrenal  contained  a  soft,  spheri- 
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cal,  gray  tuiuoi',  0.7  cm  in  (liaiuctcr,  exhibiting  iiiiinitc  liciiiorrliagos.  Mici-o- 
sfopically  this  was  a  typical  phcochi-oinooytoiiia  which  was  surrouiulod  by 
focally  thinned  cortex.  (Figs.  2,  31.  Step  sections  prepared  from  the  pituitary 
failed  to  reveal  an  adenoma. 

The  following  two  eases  were  found  in  the  files  of  the  .lohns  Hopkins  Hos- 
pital, Baltimore: 

Case  2.  S.B..  a  (iO  year  old  Polish  born  man,  was  brought  to  the  emergency 
room  of  the  Joiuis  Hopkins  Hospital  in  1939  in  a  comatose  condition  after 
he  fell  and  struck  his  head.  A  subdural  hematoma  was  evacuated  ljut  he  died 


Fig.  1.  Thyroid  gland  showing  follirular  carciuonia.  Hematoxyhu  and  eo.sni  X  300. 


three  days  later  of  bilateral  pneumonia.  At  autopsy  (16429),  both  adrenals 
were  replaced  by  sizable  pheochromocytomas  (Lt  75  g,  Rt  60  g).  Cortical 
adenomas  were  also  present.  The  heart  was  considerably  enlarged  reflecting 
hypertensive  heart  disease.  The  right  lobe  of  the  thyroid  was  enlarged  by  firm 
whitish  nodular  tissue  which  w'as  also  found  in  the  left  lobe.  Wet  tissue  was  still 
available  and  new  sections  were  prepared  which  showed  the  thyroid  tumor 
to  be  carcinoma  with  amyloid  stroma  (Fig.  4).  Because  of  the  long  storage 
in  formalin  none  of  the  special  stains  for  amyloid  (Congo  Red,  IVIethyl 
Violet,  Thioflavin  T)  are  positive.  In  order  to  obtain  additional  information,  the 
patient's  widow  was  contacted  who  stated  that  the  father  of  the  deceased  had 
died  in  middle  age  of  a  thyroid  cancer. 
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Case  S.  Actually  not  a  new  case  hut  the  same  patient  who  was  reported  by 
Beer  et  ul.  (3)  and  lat(>r  by  Hynian  jind  Mcnchci-  (4).  This  woman,  who  had 
a  previous  pheochromocytoma  removed  troiu  the  left  adrenal,  had  recurrence 
of  her  symptoms  for  which  she  was  admitted  to  Johns  Hoi)kins  Hospital 
in  194G.  A  grapefruit-sized  pheochromocytoma  of  the  right  adrenal  was  suc- 
cessfully removed.  The  patient  was  lost  to  follow-u])  studies. 

The  distribution  of  pheochromocytoma  in  the  tabled  cases  is  of  interest. 
While  bilateral  adrenal  pheochromocytoma  occurs  in  7  to  10  per  cent  of  adult 
cases,  it  was  found  in  12  out  of  16  cases  when  thyroid  carcinoma  co-existed. 
Of  note  is  concurrent  adi'nomatous  involvement  in  four  instances  of  one  or 


Fig.  2.  Rifjlil  ailrenal  gland  with  splieriual  pheochromocvloma.  Hematoxylin  and  cosin 
X  4.5. 

more  parathyroid  glands,  usually  silent  clinically.  Although  the  histological 
type  of  thyroid  cancer  was  variable,  it  is  worthy  of  mention  that  the  rare 
medullary  carcinoma  with  amyloid  stroma  occurred  five  times  and  showed 
familial  involvement.  The  rarity  of  co-existent  {)heochromocytoma  and  thyroid 
carcinoma  is  attested  by  the  fact  that  in  20,000  consecutive  autopsies  at 
the  Johns  Hopkins  Hospital,  33  thyroid  carcinomas  and  16  pheochromo- 
cytomas  were  found,  only  once  (Case  2)  in  the  same  patient. 


It  is  only  recently  that  the  co-existence  of  pheochromocytoma  and  thyroid 
carcinoma  has  been  recognized  not  to  be  fortuitous.  Although  De  Courcy  and 
De  Courcy  (15)  observed  a  considerable,  possibly  significant,  number  of  pa- 
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tients  witli  pheochromooytoma  who  had  diffuse  or  nodiUar  goiter  or  thyroid 
carcinoma,  it  remained  for  Sippk>  i  1  )  to  prove  statistically  the  validity  of 
this  statement.  This  author  noted  that  27  instances  out  of  537  cases  of 
pheochromocytoma  liatl  a  co-existent  primary  malignant  tumor  in  another 
organ.  Six  of  these,  or  22  per  cent  were  thyroid  carcinoma,  a  tumor  which 
otherwise  comprises  only  0.5  per  cent  of  all  malignancies.  The  incidence  of 
thyroid  carcinoma  is  fourteen  times  higher  in  the  presence  of  pheochromo- 
cytoma. 

It  is  intriguing  to  speculate  on  the  interrelationshij)  of  tumors  of  the  adrenal 
medulla  and  the  thyroid  by  assuming  that  fluctuating  catecholamine  levels 
would  lead  to  fluctuation  in  TSH  secretion  which  may  be  responsible  for 
hyperplastic  and  neoplastic  change  in  the  thyroid  (1).  Against  this  interpre- 
tation, however,  is  the  long  interval  between  the  appearance  of  the  thyroid 
neoplasm  and  the  onset  of  characteristic  symptoms  of  the  pheochromocytoma 
in  several  instances.  If  increased  catecholamines  would  cause  the  thyroid  tumor, 
far  more  thyroid  carcinomas  concurrent  with  pheochromocytomas  could  be  ex- 
l^ected.  Another  argument  against  hormonal  interrelationshij:)  is  furnished  by  our 
first  case  in  which  the  adrenal  neoplasm,  presumably  because  of  its  minute  size, 
remained  asymptomatic.  It  is  more  likely  that  genetic  factors  account  for 
the  co-existence.  Fourteen  families  with  ])heochromocytoma  are  recorded  (12, 
14,  16,  17)*,  one  of  which  has  multiple  thyroid  carcinomas  (10).  Concurrent 
pheochromocytoma  with  neurofibromatosis,  a  classical  heredofamiliar  disorder, 
has  been  known  for  many  years  (18).  More  recently  (19.  20),  its  co-existence 
with  the  von  Hippel-Lindau  syndrome  has  been  emphasized,  a  malady  which 
we  have  considered  to  be  akin  to  tumors  of  the  carotid  body  and  other  glomera 
well  known  for  their  heredofamilial  proclivity  (21). 

The  several  parathyroid  adenomas  in  the  tabled  series  point  to  a  relationship 
with  the  familial  syndrome  of  multiple  endocrine  tumors,  (Wermer's  Syn- 
drome) (22,  29),  which  in  turn,  overlaps  with  the  Zollinger-Ellison  syndrome 
(23,  24,  33 1. 1  Thyroid  carcinomas  have  been  reported  in  cases  of  parathyroid 
adenoma  (24,  25,  32)  and  hyperparathyroidism  in  a  patient  with  pheochromo- 
cytoma (13).  The  co-existence  of  pheochromocytoma  and  adrenal  cortical 
hj^perplasia  or  adenoma,  however,  is  considered  fortuitous  (24,  27).  Our  first 
patient's  son,  age  44,  and  his  three  granddaughters,  age  11,  10  and  6,  are  per- 
fectly well.  The  patient's  daughter  and  her  eight  children  reside  in  China  so 
that  no  information  concerning  them  is  available.  As  previously  stated,  the 
father  of  our  second  patient  died  of  thyroid  carcinoma. 

If  one  follows  Wermer's  (29)  postulates,  familial  endocrine  adenomas  are 
multicentric  rather  than  solitary  and  would  therefore  appear  in  both  partners 
of  paired  organs.  The  high  incidence  of  bilateral  adrenal  medullary  tumors 
in  Sipple's  syndrome  is  a  strong  case  in  point.  Instances  of  unilateral  adrenal 
in^-olvement  either  develop  the  second  pheochromocytoma  later  (Case  3)  or 

*  We  know  of  another  as  yet  unpublished  family  observed  at  Bellevue  Hospital,  New  York, 
N.Y. 

t  Wemier  (31)  feels  that  these  two  syndromes  are  not  interrelated. 
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ilic  of  intercurrent  (li.scasr  (Case  1  I.  It  ifi  more  (lilliciilt  to  lit  a  nialifj;nant  neo- 
plasm such  as  a  thyroid  carcinoma  into  the  frame  of  the  ('oncei)t  of  "adenoma- 
tosis" without  resorting  to  specuUition.  While  it  would  he  convenient  to  assume 
malignant  change  in  a  pre-existing  thyroid  adenoma  such  as  in  our  first  case, 
a  glance  at  the  table  will  show  that  only  once  (7)  a  statement  to  this  effect 
is  made.  It  has  to  be  conceded,  however,  that  a  thyroid  carcinoma  arising  from 
an  adenoma  will  soon  obliterate  its  jioint  of  origin  so  that  even  step  or  serial 
sections  through  the  entire  growth  will  become  unrevealing.  More  disturbing 
is  the  absence  of  other  thyroid  adenomas  in  our  first  case  which  means  that  the 
postulate  of  multicentricity  cannot  be  met,  an  impression  which  is  strength- 
ened by  the  tabulated  findings.  The  bilaterality  of  thyroid  cancers  frequently 
mentioned  in  the  table  and  also  found  in  Case  2  does  not  necessarily  mean 
origin  from  two  separate  tumors.  Advanced  thyroid  cancers  commonly  show 
this  feature.  Thus  while  Wermer's  concept  is  a  valuable  one,  we  feel  that  some 
of  his  postulates  are  too  stringent. 

SUMMARY 

The  co-existence  of  pheochromocytoma  and  thyroid  carcinoma  (Sipplc's 
syndrome)  has  recently  been  recognized  as  meaningful.  This  i)henomenon, 
while  occurring  in  isolated  instances,  appears  to  follow  an  heredofamilial  jiat- 
tern  and  to  be  related  to  other  familial,  multijile,  endocrine  adenomas  (syn- 
dromes of  Wcrmer  and  Zollinger-Ellison  I .  Two  cases  are  recorded  wherein  both 
lesions  were  clinically  silent.  A  follow-uji  on  a  previously  jniblished  case  is 
given  and  the  jiertinent  literature  reviewed. 
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The  (luestion  of  niiinageincnt  of  intracranial  hemorrhage  of  joregnant  pa- 
tients was  stimidated  by  the  recent  admission  to  this  hospital  of  an  eighteen 
year  old  patient  who  suffered  a  subarachnoid  hemorrhage  due  to  a  vascular 
anomaly  in  the  eighth  month  of  pregnancy.  Among  the  pertinent  questions 
asked  at  that  time  were:  1)  What  should  be  the  neurological  management  in 
terms  of  diagnostic  procedures  in  the  parturient  patient?  2)  What  is  the  pref- 
erable mode  of  delivery  of  the  baby,  cesarean  section  or  vaginal  delivery?  3) 
And  the  future?  Should  she  be  allowed  to  become  pregnant  again? 

Definite  answers  to  these  questions  were  not  easily  obtainable,  because  this 
problem  is  a  relatively  rare  one  and  the  experience  of  clinicians  is  consequently 
limited.  Study  of  clinical  material  concerning  nineteen  patients,  from  the  ex- 
perience of  neurologists  and  obstetricians  at  this  institution,  was  found  to  be 
pertinent  to  this  problem.  An  additional  search  of  the  literature  revealed  im- 
portant data  in  another  149  patients. 

Table  I  lists  the  patients  with  respect  to  etiology — aneurysm,  arteriovenous 
anomaly,  sinus  thrombosis,  and  hemorrhage  of  undetermined  origin — and  with 
respect  to  the  time  of  bleeding — prior  to  pregnancy,  during  pregnancy,  during 
labor,  and  in  the  puerperium.  For  inclusion  in  this  series,  there  had  to  be  docu- 
mentation of  subarachnoid  hemorrhage.  This  is  so  for  all  cases  except  patient 

Parenthetically,  this  report  does  not  deal  with  patients  who  have  proven 
aneurysms  or  arteriovenous  anomalies  which  did  not  cause  subarachnoid 
hemorrhage.  There  is  abundant  evidence  in  the  literature  that  patients  with 
sucli  demonstrable  congenital  lesions  have  gone  through  pregnancies  without 
any  neurological  complications  such  as  subarachnoid  hemorrhage. 

jMoreover,  eclamptic  patients  were  not  studied.  The  differential  diagnosis 
between  this  toxic-metabolic  disorder  and  subarachnoid  hemorrhage  due  to 
congenital  malformations  may  at  times  be  quite  difficult.  One  of  our  own  cases 
(^10),  without  jjrior  knowledge  of  having  an  intracranial  aneurysm,  could 
easily  have  been  misdiagnosed  as  only  suffering  from  pre-eclampsia.  Inasmuch 
as  an  aneurysm  may  be  more  prone  to  rupture  in  the  presence  of  hypertension 
(1),  a  patient  with  pre-eclampsia  and  subarachnoid  hemorrhage  should  be 
investigated  for  the  possible  presence  of  a  vascular  malformation. 

SPONTANEOUS  SXJBAKACHNOID  HEMORRHAGE  PRIOR  TO  PREGNANCY 

Among  the  Mount  Sinai  Hospital  cases,  nine  patients  had  spontaneous  sub- 
arachnoid hemorrhage  and  then  went  on  to  become  pregnant.  Two  patients 

From  the  Department  of  Neurology,  The  Mount  Sinai  Hosjjital,  New  Yoi'k,  N.  Y. 
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had  aneurysms,  three  liad  arteriovenous  malformations,  and  four  had  spon- 
taneous suharachnoid  hemorrha>ie  of  unknown  eause.  The  following  jirotocols 
describe  their  clinical  course: 

1.  C.C.,  age  27,  para  1.  At  age  26,  three  months  before  admission,  she  was 
hospitalized  elsewhere  i)ecause  of  severe  head  jiain  and  a  stiff  neck.  A  spinal 
tap  then  revealed  bloody  fluid.  Bilateral  carotid  angiography  revealed  an 
aneurysm  of  the  right  supraclinoid  portion  of  the  internal  carotid  artery.  The 
right  common  carotid  artery  was  ligated.  Nine  days  thereafter,  a  craniotomy 
was  performed  and  a  clip  was  placed  on  the  aneurysm  at  its  origin.  On  admis- 
sion to  this  institution,  she  had  a  mild  organic  mental  syndrome  and  a  left 
hemimotor-sensory  syndrome.  Spinal  fluid  was  clear;  the  protein  was  40  mg%. 
Repeat  carotid  angiography  revealed  the  hy])a(itu'  passing  through  the  clip, 
visualizing  the  aneurysm. 


TABLE  I 

Subarachnoid  Hemorrhage  and  Pregnanri/ — 168  Canes 
Time  of  Hemorrhage 


Etiology 

11. 

Befoie 
Pregnancy 
(Total— 30  Cases) 

III. 

During 
Pregnancy 
(Total— 86  Cases) 

IV. 
During 
Labor 
(Total— 27  Cases) 

V. 
During 
Puerperium 
(Total— 25  Cases) 

A.  Aneurj'sm 

(Total— 49)  

2  (7) 

2  (35) 

0  (0) 

0  (3) 

B.  Arteriovenous  Anomaly 

(Total— 19)  

3  (3) 

2  (10) 

0  (1) 

0  (0) 

C.  Unknown  Cause 

(Total— 96)  

4  (11) 

2  (35) 

0  (26) 

4  (14) 

D.  Venous  Thrombosis 

(Total— 4)  

0  (0) 

0  (0) 

0  (0) 

0  (4) 

The  numbers  in  parentheses  refer  to  cases  reported  in  the  literature. 


Six  months  later,  she  was  re-admitted  for  a  therapeutic  abortion.  The  indi- 
cation for  this  procedure  was  "an  aneurysm  of  the  Circle  of  Willis." 

2.  B.S.,  age  29,  para  0.  At  age  22,  she  suddenly  developed  severe  head  pain, 
stiff  neck,  and  vomiting.  Neurological  examination  was  normal,  except  for 
weakness  of  the  right  lower  extremity.  Right  carotid  angiogram  demonstrated 
an  aneurysm  at  the  base  of  the  anterior  cerebral  artery.  A  left  carotid  angio- 
gram was  normal. 

Seven  years  later,  she  became  pregnant.  Her  prenatal  course  was  uneventful 
except  for  transient  episodes  of  hypertension,  the  highest  being  194/94.  She 
delivered  a  normal  baby  via  low  forceps  extraction,  midline  episiotomy,  under 
cyclopropane  anesthesia.  The  puerperium  was  normal. 

3.  C.F.,  age  66,  para  2.  At  age  14,  she  suddenly  became  ill,  went  into  a 
"coma,"  and  subsequently  was  unable  to  read,  write  or  understand  what  was 
said  to  her.  She  improved  in  a  month's  time,  but  her  handwriting  was  never 
the  same  again.  At  age  66,  she  was  admitted  to  this  hos]iital  because  of  poor 
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vision,  which  occurred  ;<U(l<h'nIy  five  months  previously.  At  that  time,  vision 
was  "misty"  and  she  could  not  read  or  write.  Two  months  thereafter,  a  "con- 
fusional"  episode  occuri'ed,  in  which  she  found  she  had  sewn  a  sleeve  to  the 
neck  o|X'ning  of  a  garment.  There  was  also  some  concuirent  difliculty  in  mem- 
ory. The  neurological  examination  revealed  a  mild  organic  mental  syndi'ome, 
a  right  homonymous  field  defect,  and  weakness  at  the  right  hip.  The  reflexes 
and  sen.sory  examination  were  normal.  Carotid  angiogra]ihy  demonstrated  an 
arteriovenous  malformation  in  the  left  parieto-occii)ital  region.  tShe  was  treated 
with  anticonvulsants. 

She  had  married  and  had  two  children  at  age  26  and  age  28.  Both  were  de- 
livered vaginally  without  difficulty.  In  the  ninth  month  of  her  second  preg- 
nancy, she  had  a  grand  mal  seizure. 

4.  J.M.,  age  27,  para  0.  At  17  years  of  age,  she  developed  a  sudden  onset  of 
pin  and  needle  sensations  in  the  right  hand  and  arm,  then  the  leg  and  the  face. 
Within  fifteen  minutes,  the  right  leg  became  weak,  she  could  not  speak,  and 
lethargy  ensued.  Upon  admission,  she  was  in  a  deep  stupor;  tliere  was  a  right 
hemiplegia.  Left  carotid  angiography  revealed  an  arteriovenous  anomaly  in 
the  region  of  the  anterior  choroidal  artery  and  an  intracerebral  mass.  A  crani- 
otomy was  performed  and  an  intracerebral  hematoma  was  evacuated.  A  "series 
of  clips  was  placed  across  the  vessels  from  which  this  lesion  was  made  up,  and 
finally  active  bleeding  stopped."  "The  region  of  the  lesion  was  covered  with 
muscle  and  on  top  of  that  gel  foam." 

At  age  26,  the  question  of  pregnancy  was  raised.  A  neurosurgical  opinion 
was  that  pregnancy  was  permissible,  but  delivery  should  be  by  cesarean  sec- 
tion. The  obstetrician  decided  to  "play  it  by  ear."  After  four  hours  of  labor, 
she  delivered  spontaneously  from  below  with  low  forceps,  under  pentothal 
anesthesia. 

5.  S.D.,  age  51,  para  3.  At  age  25,  had  .sudden  headache  and  was  unconscious 
"for  several  days."  For  three  weeks  thereafter,  she  could  not  speak,  write,  or 
read  well.  Tw'o  years  later,  she  developed  spells  in  which  she  would  visualize 
the  ])eopIe  she  worked  with  and  saw  her  surroundings  as  if  she  were  in  a  dream. 
During  severe  attacks,  she  could  not  see  "half  vision"— or  the  right  half  of  her 
body.  At  times,  the  right  extremities  would  "jerk."  Attacks  would  last  a  few 
seconds  to  a  few  minutes  and  occur  sporadically  once  or  twice  in  two  w'eeks, 
or  once  in  two  years.  Following  the  spell,  she  could  have  a  headache  and  a  need 
to  sleep.  The  neurological  examination  was  normal  at  age  47.  Angiography 
performed  at  this  time  (recommended  prior  to  electric  shock  therajiy  for  a 
severe  agitated  depression)  demonstrated  an  arteriovenous  malformation  in 
the  distribution  of  the  left  middle  cerebral  artery.  There  has  been  no  recurrence 
of  hemorrhage  as  of  age  51. 

At  ages  29,  30  and  32,  she  went  through  three  pregnancies.  The  prenatal 
courses  were  normal.  She  delivered  spontaneously  with  low^  forceps  without 
difficulty  or  sequelae.  After  her  last  pregnancy,  she  had  a  tubal  ligation.  She 
became  pregnant  the  next  year  and  had  a  therapeutic  abortion.  At  this  time, 
a  hysterectomy  was  performed. 
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6.  N.S.,  age  26,  para  2.  Five  years  previously  she  had  a  sudden  head  pain 
associated  with  a  stiff  neck  and  vomiting.  There  were  no  neurological  findings. 
No  angiograjihy  was  performed.  She  was  treated  supportively.  There  was  a 
questionable  recurrence  five  months  after  the  first  episode  of  subarachnoid 
hemorrhage. 

She  was  advised  that  she  could  have  children  normally.  The  first  baby  was 
delivered  two  years  ago,  spontaneously,  with  k)w  forceps.  The  second  baljy  was 
born  two  months  ago  in  the  same  manner. 

7.  AI.Z.,  age  34,  para  0.  Seven  years  previously,  she  had  sudden  head  pain, 
vomiting,  stiff  neck,  and  weakness  of  the  right  side  of  the  body.  No  arteriog- 
raphy was  performed.  She  was  treated  supportively  and  did  well. 

Although  cautioned  against  pregnancy,  she  did  conceive.  It  was  decided  to 
deliver  her  by  cesarean  section.  Following  this,  out  of  fear  of  a  recurrent  cere- 
bral hemorrhage,  she  has  not  allowed  herself  to  become  pregnant  again. 

8.  D.A.,  age  39,  para  3.  At  age  28,  she  had  a  suddent  onset  of  severe  head  pain 
associated  with  inability  to  see  objects  in  the  left  side  of  her  visual  field.  Sev- 
eral hours  later,  she  became  nauseous  and  developed  transient  numbness  of  the 
left  side  of  the  tongue  and  left  arm.  The  neurological  examination  was  normal, 
except  for  lethargy,  a  left  homonymous  field  defect,  bilateral  eyeball  tender- 
ness, and  a  stiff  neck.  A  right  carotid  angiogram  was  normal.  The  following 
year,  she  was  re-admitted  because  of  a  sudden  onset  of  "shimmering"  sensa- 
tions in  the  right  eye,  dull  pain  behind  the  right  eye,  and  a  pain  in  the  left 
side  of  the  head.  She  then  had  two  transient  episodes  of  numbness,  once  of 
the  left  hand,  then  of  the  left  side  of  the  body.  The  neurological  examination 
at  this  time  revealed  a  left  homonymous  field  defect,  bilateral  eyeball  tender- 
ness and  photophobia,  and  a  left  Babinski  sign.  A  pneumoencephalogram  was 
normal. 

At  age  30,  32  and  35,  she  was  pregnant.  The  prenatal  periods  were  normal. 
She  delivered  normally,  each  time  with  forceps.  There  were  no  sequelae. 

9.  M.C.,  age  32,  para  0.  Four  years  previously,  she  had  sudden  head  pain 
and  blurred  vision.  She  was  unconscious  for  "a  brief  time,"  and  was  amnesic 
for  twelve  hours  after  the  unconsciousness.  She  also  complained  of  a  stiff  neck. 
The  neurological  examination  was  normal,  except  for  "flattening"  of  the  right 
face.  Bilateral  carotid  angiography  was  normal,  except  that  there  was  a  "small 
linear  area  of  contrast  substance  extending  backward  from  the  left  carotid 
artery  in  the  vicinity  of  the  posterior  communicating  artery."  She  was  treated 
supportively  and  there  were  no  sequelae. 

At  age  30,  she  became  pregnant,  had  an  imeventful  prenatal  course,  and  de- 
livered normally. 

Combining  this  material  with  that  of  the  literature  (Table  II),  it  may  be 
noted  that  there  were  sixteen  patients  who  went  through  uneventful  pregnan- 
cies and  delivered  vaginally. 

i.  Four  patients  (^2,  ^20,  ^21,  #22)  with  known  histories  of  ruptured 
intracranial  aneurysms  delivered  normally.  The  time  interval  between  the 
intracranial  hemorrhage  and  delivery  was,  respectively,  seven,  four  and  a  half, 
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two,  and  two  years.  None  of  these  jjatients  liad  a  rccuiTciit  hcinonliaszie.  It  is 
noteworthy  that  Case  ^20  suffered  from  multiple  aneurysms. 

ii.  Two  patients  (^3,  ^5)  with  histories  of  bleeding  from  vascular  anoma- 
lies delivered  normally.  Patient  ^3  apparently  bled  at  age  fourteen  (it  was 
stated  that  she  was  in  coma  but  a  lumbar  puncture  was  not  performed) ,  delivered 
without  any  untoward  effects  at  age  twenty-six  and,  again,  at  age  twenty- 
eight.  The  intracranial  condition  was  diagnosed  by  angiography  at  age  sixty- 
six,  when  she  was  investigated  because  of  a  recent  history  of  progressive  neuro- 
logical symptomatology.  Patient  ^5  suffered  a  subarachnoid  hemorrhage  at 
age  twenty-five.  She  delivered  normally  at  ages  twenty-nine,  thirty  and  thirty- 
two.  She  became  pregnant  again  at  age  thirty-four  and  this  time  a  therapeutic 
abortion  was  performed,  but  the  reasons  for  this  are  unclear.  She  never  suffered 
a  recurrent  hemorrhage,  but  was  diagnosed  by  angiography  when  it  was 
thought  advisable  to  clarify  the  intracranial  condition  prior  to  the  administra- 
tion of  electric  shock  therapy  (she  was  in  an  extremely  severe  depression). 
Neither  patient  had  a  recurrence  of  bleeding. 

iii.  Nine  patients  (^6,  ^8,  :^9,  j^23,  ^24,  ^25,  ;^26,  ^7,  mS)  with  sub- 
arachnoid hemorrhage  of  unknown  cause  also  delivered  normally.  The  time 
interval  between  the  intracranial  hemorrhage  and  delivery  was,  respectively, 
three,  two,  two,  two,  two,  one,  unknown,  unknown,  two  to  four  years.  An  ad- 
ditional patient  (^29)  had  a  cesarean  section  one  year  after  a  subarachnoid 
hemorrhage.  However,  a  year  and  a  half  later,  she  delivered  a  second  child 
vaginally  with  low  forceps  and  a  pudendal  block.  None  of  these  patients  had  a 
recurrent  hemorrhage.  Four  patients  (?^8,  :^9,  :^25,  :^27)  had  normal  angiog- 
raphy. Three  patients  (;^6,  ^27,  ^28)  went  through  two  pregnancies  un- 
eventfully. Patient  ;^8  has  had  three  normal  pregnancies  and  deliveries. 

iv.  Six  patients  (7^7,  ^29,  )^30,  7^31,  ?^32,  ?^33l  had  cesarean  sections. 
They  bled,  respectively,  at  seven,  one,  four,  one,  five,  six  years  prior  to  preg- 
nancy. Patient  #30  had  an  aneurysm  of  the  left  anterior  cerebral  artery. 
Patients  :^31  and  #32  had  vascular  anomalies.  Patients  #7,  #29,  and  #33 
had  subarachnoid  hemorrhages  of  unknown  cause  but  none  of  the  three  had 
angiography.  Patient  #30  had  neurological  signs  and  symptoms  (hemor- 
rhage?) at  age  six  and  again  at  age  ten.  Patient  #29  was  mentioned  in  an 
above  paragraph  as  having  had  a  second  child  by  the  vaginal  route.  Patient 
#32  also  had  a  tubal  ligation.  Clinically,  there  was  no  apparent  difference 
between  these  six  patients  who  had  cesarean  sections  and  the  sixteen  patients 
who  were  allowed  to  deliver  from  below. 

V.  Seven  patients  had  had  neurosurgical  jii-ocedures  following  subarachnoid 
hemorrhage  and  subsequently  became  pregnant.  Three  patients  (#4,  #34, 
#36)  were  allowed  to  deliver  vaginally.  The  time  interval  between  the  intra- 
cranial hemorrhage  and  delivery  was,  respectively,  nine,  one  and  a  half,  and 
unknown.  Patient  #^4  had  a  vascular  anomaly  whose  feeding  vessels  were 
clipped.  The  neurosurgeon  advised  cesarean  section,  but  the  obstetrician  de- 
cided to  "play  it  by  ear."  She  was  able  to  deliver  vaginally.  Case  #34  had  had 
two  previous  subarachnoid  hemorrhages.  Craniotomy  after  the  third  hcmor- 
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rhage  rosultecl  in  icmoxal  of  an  iiitraccrrhial  clol  and  excision  of  the  anomaly. 
Normal  delivery  was;  then  recoiunieiulcd  and  .she  did  well.  Patient  ^36  had  an 
internal  carotid  artery  "lesion"  and  a  carotid  ligation.  She  was  permitted  to 
deliver  twice  by  the  vaginal  route.  Patient  j^35  had  a  subarachnoid  hemor- 
rhage due  to  an  internal  carotid  artery  "lesion"  and  a  cai'otid  ligation.  Her 
l)regnancy  ended  in  a  cesarean  section. 

Patient  had  an  unsuccessful  attempt  at  clipping  of  supraclinoid  internal 
carotid  artery  aneurysm.  This  unfortunate  result  was  revealed  by  postopera- 
tive angiography,  a  procedure  which  is  now  being  done  almost  routinely  by 
most  neurosurgeons.  When  she  became  pregnant,  a  therapeutic  abortion  was 
recommended.  It  is  not  clear  as  to  whether  this  was  based  on  the  unsuccessful 
surgery  or  the  neurological  condition  (she  had  evidence  of  an  organic  mental 
syndrome  and  a  left  hemimotor-sensory  syndrome) .  There  were  three  addi- 
tional patients  with  histories  of  ruptured  aneurysms  reported  in  the  literature 
who  had  therapeutic  abortions  (patients  j^37,  :^38,  7^39).  Patient  ^37  had  an 
internal  carotid  artery  aneurysm  clipped  intracranially  and  then  a  therapeutic 
abortion,  but  for  "psychiatric  reasons."  Patient  #38  had  had  two  previous 
intracranial  hemorrhages  and  a  carotid  artery  ligation  followed  by  intracranial 
clipping  of  an  aneurysm  of  the  left  middle  cerebral  artery.  The  basis  for  her 
abortion  was  unclear.  Patient  #39  had  an  aneurysm  but  did  not  have  intra- 
cranial surgery.  She  was  aborted  and  sterilized.  Patient  #40  had  had  sub- 
arachnoid hemorrhage,  the  etiology  of  which  was  not  delineated.  One  year 
later,  when  she  became  pregnant,  she  was  aborted. 

The  above  material  indicates  that  a  history  of  subarachnoid  hemorrhage 
(due  to  aneurysm,  arteriovenous  malformation,  or  unknown  cause)  does  not 
carry  any  extra  burden  with  respect  to  pregnancy.  Sixteen  of  thirty  cases  de- 
livered normally.  They  neither  bled  in  the  prenatal  period,  during  labor  or 
the  pueperium.  This  data  must  be  considered  in  any  recommendation  of  thera- 
peutic abortions  or  sterilization  for  a  woman  who  has  had  a  subarachnoid 
hemorrhage — and  in  counseling  against  childbirth  because  of  a  history  of 
intracranial  hemorrhage.  There  are  a  host  of  factors  relative  to  cliild  bearing 
when  a  patient  has  had  an  intracranial  hemorrhage.  Case  #1  had  an  organic 
mental  syndrome  and  needed  help  in  caring  for  her  child  born  prior  to  her 
neurological  illness.  At  any  rate,  a  history  of  subarachnoid  hemorrhage  does 
not  seem  to  contraindicate  future  pregnancies. 

SPONTANEOUS  SUBARACHNOID  HEMORRHAGE  DURING  PREGNANCY 

There  were  six  patients  seen  by  neurologists  at  this  institution,  who  bled 
while  in  the  pregnant  state.  Two  (#10,  #11)  had  aneurysms.  Two  (#12, 
#13)  had  anomalies.  Two  were  undiagnosed — #14  because  permission  was  not 
granted,  #15  for  unknowm  reasons.  Their  protocols  are  detailed  below' : 

10.  D.P.,  age  27,  para  6.  This  patient  was  six  months  pregnant  when,  on 
January  24th,  she  suddenly  developed  severe  headache  and  "epistaxis."  The 
past  history  was  significant  in  that  four  years  ago,  a  diagnosis  -was  made  of  a 
supraclinoid  right  carotid  artery  aneurysm,  presumably  by  angiography.  Blood 
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pics^sure  was  then  190/100.  During  April,  before  this  admission,  she  had  an 
appendectomy  under  sjiinal  anesthesia  antl  blood  pressures  were  recorded  as 
230  162,  210  100  and  200  103.  In  November,  when  four  months  pregnant, 
she  was  hospitalized  three  weeks  for  hypertension,  edema,  and  albuminuria. 
During  December  and  January,  she  was  seen  five  times  and  was  always  normo- 
tensive.  On  admission,  she  was  semi-stuporous.  There  was  no  focal  neurologi- 
cal findings.  Blood  pressure  was  190/130.  She  developed  uterine  contractions 
and  delivered  a  stillborn.  Thirty  minutes  later,  she  was  noted  to  have  a  stiff 
neck.  Blood  pressure  was  160  130.  Lumbar  puncture — grossly  bloody,  pressure 
330.  She  did  well  for  one  day  in  that  she  became  alert,  asked  for  medication, 
and  responded  to  ciuestions.  It  was  thought  she  was  pre-eclamptic  and  had  per- 
haps also  rui)tured  the  anein-ysm.  In  spite  of  routine  therapy  for  pre-eclampsia 
(barbiturates,  diuretics,  magnesium  sulfate,  and  Dilantin),  there  was  no 
lowering  of  blood  jjressure.  Because  of  the  fear  that  the  elevated  blood  j^res- 
sure  would  result  in  continued  intracranial  bleeding,  hypotensive  therapy  was 
instituted.  In  a  matter  of  hours,  the  blood  pressure  dropped  to  normal  and 
then  to  hypotensi^■e  levels  (80/40).  This  could  not  be  reversed  by  vasopressor 
agents.  Within  fifteen  to  twenty  minutes,  she  went  into  coma  and  died.  Post 
mortem  was  done  and  revealed  not  only  visceral  pre-eclamptic  pathology,  but 
also  a  ruptured  aneurysm  of  the  internal  carotid  artery. 

11.  L.P.,  age  36,  para  1.*  At  age  28,  she  was  in  the  eighth  month  of  preg- 
nancy, when  she  developed  severe  head  pain.  Two  weeks  later,  there  was  a 
recurrence  of  head  pain,  as  well  as  confusion  and  a  stif¥  neck.  Neurological 
examination  revealed  early  papilledema,  a  right  facial  weakness,  and  a  right 
Babinski  sign.  On  releasing  the  right  common  carotid  artery  after  a  period  of 
digital  compression,  the  patient  complained  of  a  pounding  jmin  in  the  head. 
Such  pain  did  not  occur  after  compression  of  the  left  common  carotid  artery. 
Right  carotid  arteriography  revealed  an  aneurysm  at  the  junction  of  the  in- 
ternal carotid  and  posterior  communicating  arteries.  The  right  common  carotid 
artery  was  doubly  ligated.  Ten  days  after  ligation  (and  twelve  to  thirteen 
days  after  the  intracranial  hemorrhage) ,  the  membranes  rujitured.  Delivery 
was  by  cesarean  section.  She  has  been  advised  against  having  any  further 
pregnancies.  There  has  been  no  recurrence  of  subarachnoid  hemorrhage. 

12.  L.K.,  age  51,  para  l.f  Since  age  16,  this  patient  had  approximately  35 
episodes  of  subarachnoid  hemorrhage.  At  age  28,  in  the  ninth  month  of  her  first 
pregnancy,  she  suddenly  develo]:)ed  severe  head  pain,  vomiting,  and  a  stiff 
neck.  Pain  progressed  down  the  sjiine  into  the  legs  and  feet.  It  was  a  tearing, 
sticking  type  of  pain.  She  was  admitted  three  weeks  later  and  spontaneously 
delivered  a  normal  baby.  The  above-mentioned  ]iains  were  said  to  have  di- 
minished in  intensity  after  childbirth.  One  week  postpartum,  she  again  was 
admitted  because  of  sudden  head  pain,  stiff  neck,  and  lethargy.  Neurological 
examination  revealed  blurred  optic  discs,  left  facial  paresis,  absent  right  knee 
reflexes,  bilateral  Kernig  sign.  She  did  well  on  supportive  care.  However, 

*  This  patient  has  been  reported  by  Feldman,  Gross,  and  Wimpfheimer  (12). 
t  This  patient  was  reported  by  Strauss  and  Tarachow  (13). 
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lelativcly  Ircciucnt  ('])is()(l('s  of  iiit i-;icr;mial  hlci'clin^  occuiTcd.  At  age  42, 
carotid  angiography  (Iciiioiistrated  a  "cavcinous  angioma"  in  the  right  parietal 
area,  which  filled  from  the  anterior  and  middle  cerebral  arteries  bilaterally. 
At  age  44,  a  right  cai-otid  artery  ligation  way  done.  Five  years  later,  another 
intracianial  liemorihage  occurred.  At  this  time,  she  was  left  with  relatively 
marked  neui'ological  deficit.  At  age  51,  the  last  recorded  episode  of  intracranial 
bleeding  occurred.  The  sequelae  to  this  attack  were  a  marked  organic  mental 
syndrome,  as  well  as  a  left  hemimotor-sensory  syndrome. 

13.  S.B.,  age  18,  para  0.  She  was  eight  months  pregnant  when  she  suddenly 
developed  severe  headache,  vomiting,  and  numbness  of  the  right  upi)er  ex- 
tremity. Tln-ee  days  later,  double  vision  ensued.  The  images  were  side  by  side 
and  diplopia  occurred  in  lateral  gaze.  The  past  history  may  have  been  signifi- 
cant in  that  two  months  jireviously.  she  had  had  a  spontaneous  attack  of  low 
l)ack  ])ain,  which  radiated  down  the  posterior  aspect  of  the  right  leg.  The 
neurological  examination  revealed  a  lethargic,  slightly  confused  girl.  There 
was  a  left  homonymous  field  defect  and  a  left  Babinski  sign.  The  neck  was 
stiff ;  the  Kei-nig  test  was  positive.  Right  brachial  arteriography  with  contra- 
lateral comfjression  of  the  right  carotid  on  one  injection  demonstrated  the 
vascular  supply  of  both  carotid  arteries  and  the  right  vertebral  artery.  There 
was  a  large  arteriovenous  anomaly  deep  and  close  to  the  midline  involving  the 
parietal  and  occipital  areas.  She  did  well  on  supportive  care.  One  month  later, 
she  delivered  vaginally  with  low  forceps.  There  were  no  complications.  Labor 
was  about  ten  hours. 

14.  M.R.,  age  27,  para  0.  Patient  was  SV2  months  pregnant  when  she  sud- 
denly developed  a  severe  head  pain  and  vomited.  She  became  lethargic  and  her 
neck  was  stiff.  The  neurological  examination  was  normal,  except  for  the  pres- 
ence of  moderate  somnolence  and  a  stiff  neck.  Arteriography  was  recom- 
mended, but  permission  for  the  procedure  was  not  given.  Patient  did  well  on 
supportive  care.  However,  two  months  later,  she  had  a  "late"  miscarriage  and 
delivered  a  stillborn  child  vaginally.  Approximately  one  year  ago,  she  became 
pregnant  again,  but  aborted  in  the  first  trimester. 

15.  E.G.,  age  39,  para  1.  At  age  25,  during  the  ninth  month  of  pregnancy, 
she  suddenly  developed  severe  head  pa'm  and  vomiting.  There  was  no 
stiff  neck.  In  three  days,  the  pain  had  almost  completely  disappeared,  having 
responded  well  to  analgesias.  On  the  fourth  day  after  the  severe  head  pain,  she 
went  into  labor  and  delivered  a  normal  child  spontaneously.  Headaches  re- 
turned two  days  after  delivery.  On  the  fourth  jjostpartum  day,  a  lumbar 
puncture  revealed  xanthochromic  spinal  fluid.  It  was  also  noted  that  the 
left  pupil  was  dilated  and  a  left  Babinski  sign  was  at  times  present.  Angiog- 
raphy was  not  done.  Fourteen  years  later,  she  is  well.  There  has  been  no 
recurrence  of  intracranial  bleeding.  She  was  very  unhapjiy  about  not  having 
been  able  to  have  more  cliildren.  Her  obstetrician  and  neurologist  had  advised 
against  this. 

An  analysis  of  the  six  patients  detailed  above  and  the  eighty  patients  (Table 
III)  in  the  literature  revealed  much  valuable  clinical  information. 
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A.  There  were  thirty-six  jiatients  who  had  proven  intracranial  aneurysms. 

i.  Four  patients  (?^10,  ;i^4],  ^42,  ?^43)  whose  aneurysms  were  diagnosed 
by  angiography  prior  to  delivery  delivered  vaginally.  Patient  ^10  had  both 
pre-eclampsia  and  a  ruptured  aneurysm.  She  was  a  difficult  case  to  manage. 
She  delivered  a  stillborn  child  and  died  in  spite  of  treatment  for  pre-eclampsia 
and  then  hypotensive  therapy.  Patient  ^41  had  an  intracranial  hemorrhage 
when  seven  and  a  half  months  pregnant.  She  recovered  and  delivered  with 
caudal  anesthesia  and  low  forceps.  Patients  ^42  and  :^43  hemorrhaged,  re- 
spectively, at  ten  and  nine  months  of  pregnancy.  After  normal  deliveries, 
angiography  revealed  the  cause  of  bleeding.  Patient  ;^43  subsequently  had 
intracranial  surgery.  Patient  :^44  had  an  intracranial  hemorrhage  due  to  a 
middle  cerel)ral  artery  aneurysm  in  the  second  month  of  jiregnancy.  Her 
mode  of  delivery  was  not  stated. 

ii.  Seven  patients  underwent  cesarean  section  because  of  intracranial  hemor- 
rhage due  to  aneurysm.  These  patients  did  not  have  neurosurgical  procedures. 
Patients  :^45,  ^46  and  :^47  suffered  intracranial  bleeding  at  ten,  five  and  a 
half,  and  nine  months  of  pregnancy,  respectively.  Only  ease  ^46  had  angiog- 
raphy during  pregnancy.  The  other  two  had  diagnostic  procedures  in  the 
puerperium  and  their  cesarean  sections  may  have  been  because  the  intra- 
cranial hemorrhages  occurred  close  to  the  estimated  time  of  delivery.  Patients 
?^48,  ^49,  ^50  and  ^51,  respectively,  had  intracranial  hemorrhages  at  nine, 
ten,  nine,  nine  and  a  half  months  of  jiregnancy.  Patient  i^48  apparently  suf- 
fered no  sequelae  from  the  cesarean  section  and  was  well  until  the  fourth  day, 
when  she  suddenly  went  into  coma  and  died.  Post  mortem  revealed  a  ruptured 
aneurysm  of  the  posterior  communicating  artery.  Patient  ^49  developed  re- 
spiratory arrest  six  hours  after  cesarean  section  and  then  died.  Patient  ;^50  did 
well  for  one  day  and  then  suffered  a  recurrent  intracranial  hemorrhage  and 
died.  Patient  :^51  had  had  two  episodes  of  intracranial  bleeding.  It  was 
thought  that  a  cesarean  section  would  be  less  strain  on  the  patient,  but  she 
had  a  third  intracranial  hemorrhage  during  the  operation.  Apparently  cesar- 
ean section  does  not  necessarily  protect  a  patient  from  recurrent  intracranial 
hemorrhage. 

iii.  Twelve  patients  had  neurosurgical  procedures  prior  to  delivery.  Six  pa- 
tients delivered  vaginally  (patients  ;^52,  ?^54,  ^55,  ^56,  7^57,  j^5S)  after 
they  suffered  intracranial  hemorrhage  in  the  fourth,  sixth,  fifth,  sixth,  ninth, 
eighth  months  of  pregnancy.  Apparently  the  obstetricians  felt  that  the  surgical 
procedures  protected  these  patients. 

It  is  noteworthy  that  Case  ^55  also  was  sterilized  in  sj)ite  of  the  fact  that 
she  had  a  ligation  of  the  common  carotid  artery.  Five  patients  had  carotid 
artery  ligations,  two  had  craniotomies  with  clipping  of  the  aneurysms. 

Patient  ^59  bled  at  five  and  a  half  months,  had  a  carotid  ligation,  but  then 
had  a  cesarean  section  (however,  for  obstetrical  reasons) . 

The  mode  of  delivery  in  patient  ^53  was  not  stated.  The  remaining  four 
patients  (^11,  7^60,  ^61,  7^62)  bled,  respectively,  at  eight,  four,  six,  unknown 
months  of  pregnancy.  Patient         had  a  carotid  ligation  followed  three  weeks 
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Inter  hy  :i  cesarean  section.  Patient  ^60  had  also  l)lc(l  a  moiitli  previously. 
Siic  iiad  a  craniotomy  with  ligation  of  the  aneurysm  followed  by  a  cesarean 
section.  Rejx'at  angiograi)hy  in  the  puerperium  was  normal.  Patient  j^61 
similarly  had  a  craniotomy,  a  clipped  aneurysm,  and  did  well  following  cesar- 
ean section.  Patient  #62,  however,  (the  fifth  in  this  group  to  undergo  crani- 
otomy) had  an  angiogram  after  the  second  intracranial  hemorrhage.  Tlu! 
craniotomy  with  an  attempt  to  clip  an  aneurysm  was  not  with.stood  well  and 
the  patient  died  twenty  hours  postoperatively. 

iv.  The  thirteen  remaining  cases  died  of  intraci-aiiial  hemoii-hage.  Patients 
j^G4,  7^65  and  #66  hemorrhaged,  respectively,  at  one  and  a  half,  five, 
seven,  and  eight  months  of  pregnancy.  These  four  patients  died  of  recurrent 
hemorrhage,  which  occurred  at  unknown,  two  and  a  half,  seven,  and  three; 
weeks  after  the  initial  hemorrhage.  Only  two  of  these  patients  were  diagnosed 
by  angiography  prior  to  death ;  the  remaining  two  were  diagnosed  at  autopsy. 
The  last  nine  patients  (case  #67,  #68,  #69,  #70,  #71,  #72,  #73,  #74,  #75) 
were  admitted  in  almost  terminal  condition.  They  bled,  respectively,  at 
seven,  eight,  five,  six  and  a  half,  nine,  seven  and  a  half,  four,  seven,  and  five 
months  of  pregnancy. 

One  post  mortem  cesarean  section  was  successful,  i.e.,  Case  #71.  Patient 
#73  had  had  two  previous  hemorrhages.  She  was  also  a  pre-eclamptic.  Pa- 
tient #69  had  three  previous  intracranial  hemorrhages  over  a  thirteen-year 
period. 

There  is  no  attempt  made  in  this  paper  to  discuss  the  conservative  versus 
the  neurosurgical  aj^proach  to  intracranial  aneurysms.  The  surgeons  would  tend 
to  point  out  jiatients  #63,  #64,  #65  and  #66  as  those  who  might  be  alive  if 
they  had  liad  the  benefit  of  neurosurgery.  More  conservative  neurologists 
might  underscore  the  surgical  mortality  of  one  in  five  patients  with  cranioto- 
mies as  being  far  too  high.  Moreover,  the  recent  technique  of  treating  sub- 
arachnoid hemorrhage  by  careful  hypotensive  methods  seems  to  be  promising 
(43).  At  the  i)resent  time  there  is  a  national  survey  in  process  with  respect 
to  subarachnoid  hemorrhages  due  to  aneurysm  and  arteriovenous  anomaly. 
Perhaps  this  will  i)i-ovide  an  answer  as  to  management  in  the  near  future. 
Intracranial  hemoi'rhage  due  to  aneurysm  carries  a  high  mortality  in  the  series, 
but  the  13  of  37  cases  is  similiar  to  the  mortality  rate  in  the  nonpregnant 
population.  The  time  of  hemorrhage  ranged  from  one  and  a  half  months  to 
nine  months  of  pregnancy.  The  clinical  data  of  spontaneous  subarachnoid 
hemorrhage  due  to  aneurysm  in  pregnancy  docs  not  seem  to  be  any  dif- 
ferent than  one  would  expect  in  the  nonpregnant  population.  This  complica- 
tion seems  fortuitous,  coincidental  and,  most  significantly,  apparently  the 
mode  of  delivery  can  be  vaginally.  Cesarean  section  did  not  lessen  the  chances 
of  recurrent  hemorrhage  among  the  cases  reported. 

B.  The  above-described  Cases  #12  and  #13,  and  ten  patients  in  the  litera- 
ture (Table  III.B),  had  proven  vascular  anomalies  which  bled  during  preg- 
nancy. 

i.  Four  patients  (#12,  #13,  #76,  #77)  who  suffered  intracranial  hemor- 
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rhages  at  nine,  eight.  I'iglit,  and  five  months  of  pregnancy,  respectively,  de- 
livered normally.  The  diagnosis  of  vascular  anomaly  was  made  after  delivery 
in  Cases  ^12  and  ^76.  The  former  patient  has  been  reported  in  detail  and, 
as  of  1955,  has  had  about  thirty-five  episodes  of  subarachnoid  hemorrhage, 
the  last  two  occurring  in  spite  of  carotid  artery  ligation.  Patients  ^13  and  ^77 
had  angiography  while  pregnant  and  delivered  at  term  uneventfully. 

ii.  Patient  ^78  had  one  hemorrhage  in  each  of  two  pregnancies,  occurring 
within  the  first  five  months  of  pregnancy.  Delivery  each  time  was  by  cesarean 
section.  Nine  months  after  the  last  hemorrhage,  she  underwent  neurosurgery. 
She  had  two  additional  craniotomies  and  died  following  the  last  operation. 

iii.  Patients  ^79  and  :^80  bled  at  four  and  a  half  and  four  months  respec- 
tiveh\  Both  had  successful  craniotomies  and  subsequently  were  allowed  to 
deliver  vaginally.  However,  patient  ^79  was  sterilized. 

iv.  Patient  ^81  had  an  anomaly  of  the  left  middle  cerebral  artery  which 
was  successfully  excised  after  it  bled  in  the  seventh  month  of  pregnancy. 
The  mode  of  delivery  was  not  stated. 

V.  The  remaining  four  patients  (?^82,  j^S3,  ?^84,  j^So)  suffered  fatal  intra- 
cranial hemorrhages  at,  respectively,  nine,  five  and  a  half,  eight,  and  nine 
months  of  pregnancy.  One  baby  (^85)  was  saved  by  emergency  cesarean 
section.  Patients  ^82  and  ^85  were  unusual.  The  former  had  both  a  large 
aneurysm  and  a  large  arteriovenous  malformation  which  ruptured  and  caused 
her  demise.  The  aneurysm  at  post  mortem  had  an  intact,  thick  thrombotic 
wall.  Patient  :^85  had  a  hemangioma  of  the  upper  cervical  spinal  cord  which 
bled  into  the  parenchyma  of  the  spinal  cord  and  lower  medulla. 

Thus,  excluding  the  patients  who  were  admitted  in  a  terminal  state,  one 
patient  had  a  cesarean  section  and  six  were  delivered  vaginally — two  after 
surgery.  Neurosurgery  is  not  essential  and  actually  is  a  most  controversial 
subject  with  respect  to  arteriovenous  malformations  in  the  brain.  This  can- 
not be  evaluated  in  this  paper.  However,  one  of  the  three  patients  in  this  group 
apparently  died  after  her  third  craniotomy.  The  patient  who  had  a  carotid 
artery  ligation  bled  twice  after  surgery.  It  does  seem  feasible  to  deliver  vagi- 
nally those  patients  who  bleed  from  vascular  anomalies  during  pregnancy. 

C.  The  thirty-seven  patients  with  subarachnoid  hemorrhage  of  unknown 
cause  (i^l4,  ?^lo  and  Table  IH.C)  naturally  had  very  little  intracranial 
surgery. 

i.  Eleven  patients  {^15,  m6,  7^87,  ms,  ?^89.  ?^90,  ^91,  7^92,  ^93,  j^94, 
^95)  delivered  vaginally.  They  had  intracranial  hemorrhages,  respectively, 
at  nine,  four,  nine,  two  and  a  half,  six,  six,  three  and  a  half,  seven,  seven  and 
a  half,  unknown,  and  unknown  months  of  pregnancy.  Patient  ^15  was  not 
diagnosed  as  having  subarachnoid  hemorrhage  until  the  fourth  day  post- 
partum, when  the  cerebrospinal  Huid  was  found  to  be  xanthochromic.  She  has 
expressed  a  great  deal  of  unhappiness  at  having  been  advised  against  further 
pregnancies.  Patients  ^86,  ^87,  and  perhaps  #93,  had  two  episodes  of  intra- 
cranial hemorrhage.  Only  j^87  had  her  recurrence  while  pregnant.  Patient 
7^86  hemorrhaged  the  third  time  four  years  after  the  birth  of  her  baby.  Both 
patients  7^86  and  ^87  had  angiograms,  neither  of  which  was  positive  for  an 
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uiu'uiysiii  01-  ;ii't('ri()\-('n()us  anoiiiuly.  I'nticnt'  j^yf)  suhscciucnl  ly  Imd  iiiiol  hci' 
normal  pregnancy  and  a^ain  (Iclivcrcd  (uicventfully  by  the  vaginal  route. 

Patient  j^llO  l)le(l  in  (he  sixtli  month  of  pregnancy  and,  in  spite  of  normal 
angiograi)hy,  had  a  ci'aniotomy  and  decomijression  followed  by  ligation  of 
the  internal  carotid  artery.  At  term,  she  was  allowed  to  deliver  vaginally. 

ii.  Patient  ;^14  suffered  intracranial  hemorrhage  at  three  months  of  preg- 
nancy but  had  a  spontaneous  miscarriage  in  her  fifth  month. 

iii.  Patient  :^9()  had  an  intracranial  hciiioniiage  at  four  and  a  half  months, 
and  then  a  therapeutic  aboi'tion. 

i\-.  Patient  ?^97  suffered  from  placenta  pracvia  and,  with  the  onset  of 
vaginal  bleeding,  she  also  developed  intracranial  hemorrhage.  Cesarean  section 
was  performed  for  obstetrical  rea.sons  imder  s])inal  anesthesia.  The  lumbar 
inmcturc  revealed  bloody  fluid. 

V.  Twelve  patients  (;?^98,  ^99,  ^U)0,  ^10],  ^102,  ^103,  ^lOi,  j^]05, 
:i^lO(),  ^107,  ^lOS,  ^U)9)  had  intracranial  hemorrhage  but  were  delivered  by 
cesarean  section.  They  suffered  intracranial  hemorrhage,  respectively,  at  two, 
four,  six  and  a  half,  two,  three,  five,  seven,  eight  and  a  half,  eight  and  a  half, 
eight  and  a  half,  nine,  and  nine  months  of  j^regnancy.  During  pregnancy  patient 
^100  had  one  recurrent  intracranial  hemorrhage,  and  patient  ^105  had  two 
episodes  of  recurrent  hemorrhage.  Normal  angiograms  were  noted  in  patients 
7^106  and  ^107.  Patients  7^101,  ^102  and  7^106  had  tubal  ligations; 
patient  ;^108  was  advised  against  further  pregnancy.  Patient  j^lOQ  was 
admitted  in  coma,  eight  and  a  half  months  pregnant,  and  had  a  cesarean 
section  followed  by  tubal  ligation.  Following  delivery  bilateral  carotid  angiog- 
raphy demonstrated  a  temporal  lobe  mass.  Craniotomy  was  performed,  an 
intracerebral  clot  was  removed,  and  she  improved.  No  source  of  bleeding  was 
demonstrated  by  angiography  or  was  seen  at  surgery. 

vi.  Ten  patients  1^111,  ?^112,  ^113,  :^114,  ^115,  #116,  ^117,  ^118, 
;^119,  ^120)  had  sudden  fatal  intracranial  hemorrhages.  They  bled,  respec- 
tively, at  five,  eight,  eight,  nine,  third  trimester,  nine,  eight,  seven,  six  and  a 
half,  and  eight  and  a  half  months  of  pregnancy.  Patient  #17  had  had  an  in- 
tracranial hemorrhage  while  pregnant  three  years  jireviously.  Patient  :^111 
had  a  blood  pressure  of  240/190.  The  babies  of  three  moribund  patients 
(#113,  #114,  #120)  were  saved  by  cesarean  section.  Most  significantly,  pa- 
tients #115,  #116,  :^117,  #118,  7^119  and  #120  had  post  mortem  examina- 
tions in  which  no  aneurysms  or  arteriovenous  anomalies  were  found.  Patient 
#117  had  "a  rupture  of  a  branch  of  the  anterior  cerebral  artery."  Patient 
#120  had  had  a  "lesion"  of  the  right  middle  cerebral  artery. 

In  this  grouj)  there  was  no  significant  clinical  difference  in  the  eleven  pa- 
tients who  delivered  vaginally  and  twelve  who  had  cesarean  sections.  Five 
of  the  latter  cases  (#105,  #106,  #107,  #108,  #109)  hemorrhaged  close  to 
term  and  management  would  tend  to  follow  the  statement  in  the  literature 
"in  cases  of  recent  hemorrhage  (within  three  weeks)  cesarean  section  may 
occasionally  be  indicated"  (21).  None  of  the  eleven  patients  delivered  vagi- 
nally had  any  intracranial  complication  during  labor  or  in  the  puerperium. 

These  patients  also  underscore  the  fallacy  of  assuming  that  subarachnoid 
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WALTER  SEXCER 


lieinori-liagr  i?-  invariably  clue  to  aneurysm.  Six  patients  had  autopsies  and  no 
congenital  anomaly  was  noted.  Six  additional  patients  had  normal  angiograms 
(total  angiography  was  not  stated  I. 

Consiik'ring  the  additional  risk  of  cesarean  section,  it  seems  clear  that  in 
subarachnoid  hemorrhage  of  unknown  cause  delivery  can  be  by  the  vaginal 
route. 

spontaneous  subarachnoid  hemorrhage  during  labor 
or  the  immediate  postpartum  period 
(first  twenty-four  hours) 

The  recommendation  of  cesarean  section  for  the  pregnant  patient  who  has 
had  intracranial  hemon-hage  is  based  on  studies  implying  additional  strain 
on  the  cerebral  vasculature.  Marx,  Zemaitis  and  Orkin  (44)  state  that  during 
the  second  stage  of  labor,  the  average  increase  in  cerebral  spinal  fluid  pressure 
is  710  mm  of  fluid  above  normal.  Adams  (45)  reported  that  the  cardiac  output 
begins  to  rise  by  the  end  of  the  third  month,  reaches  its  peak  about  the  twenty- 
eighth  week  of  pregnancy  (32%  increase  from  pre-pregnancy  base  line),  then 
falls  to  "normal"  levels  by^  forty  weeks  of  pregnancy.  Abrupt  strain  on  the 
cardiovascular  system  with  abrupt  (25% )  increase  in  cardiac  output  occurs 
during  the  first  hour  after  delivery.  This  is  maintained  until  about  the  sixth 
postpartum  day.  Adams  and  Alexander  (46)  also  noted  that  cardiac  output 
increased  20  per  cent  during  a  single  uterine  contraction.  The  mean  blood  pres- 
sure increased  from  116/76  to  a  mean  of  127/82  at  the  height  of  contraction. 
McClausland  and  Holmes  (47)  state  that  intraspinal  (intracerebral?)  pres- 
sures during  uterine  contractions  with  the  patient  bearing  down  vary  from 
240  to  700  mm  of  fluid.  During  regular  contractions,  spinal  fluid  pressure 
usually  showed  only  minimal  rise. 

Nevertheless,  the  clinical  data  does  not  confirm  the  reputed  "extra  strain" 
of  labor. 

There  were  no  patients  at  this  institution  who  developed  intracranial  hemor- 
rhage in  labor  or  the  immediate  twenty-four  hour  postpartum  period.  How- 
ever, in  the  literature  (Table  IV)  twenty-seven  such  cases  are  reported. 

i.  No  patient  suffered  a  rupture  of  an  intracranial  aneurysm  during  labor. 
It  has  been  estimated  that  the  incidence  of  intracranial  aneurysms  in  the 
population  is  from  0.5%  to  1%  (52).  On  the  basis  of  four  million  deliveries  a 
year,  approximately  20,000  to  40,000  women  who  deliver  annually  may  also 
have  an  intracranial  aneurysm.  One  may  hypothesize  that  in  the  past  two 
decades  approximately  a  half  million  such  patients  delivered  and  it  is  amaz- 
ing that  not  one  case  has  ever  been  reported  to  the  best  of  the  author's  knowl- 
edge. In  addition  to  this  statistical  incidence,  many  patients  have  given  birth 
to  children  without  difficulty  and  later  in  life  suffered  intracranial  hemor- 
rhage proven  to  be  due  to  aneurysms.  It  has  been  previously  noted  in  this 
study  that  aneurysms  which  have  bled  do  not  necessarily  re-bleed  during 
labor  (patients  m,  ^20,  mi,  ^22). 

Actually,  Magee  (56)  in  studying  nonpregnant  patients  who  developed  sub- 
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arachnoid  homoniiuge  found  tluit  90  per  cent  of  his  patients  bled  when  tliey 
were  undergoing  no  physical  strain.  He  believed  that  physical  stress  in  genei'al 
has  not  been  well  correlated  to  the  actual  I'upture  of  a  blood  vessel  anomaly. 

One  may  only  conclude  that  the  fear  of  rupture  of  an  aneuiysm  in  labor 
is  a  theory  not  confirmed  by  clinical  expei'ience. 

When  the  potential  jjroblems  of  major  abdominal  surgery  entailed  by  cesar- 
ean section  are  weighed  against  an  unsubstantiated  fear  (plus  the  clinical 
experience  that  a  section  does  not  prevent  intracranial  bleeding — patients  ?^48, 
;^50,  7^51) ,  vaginal  delivery  seems  to  be  preferable. 

The  question  of  anesthesia  has  not  been  mentioned  in  this  study.  The  clinical 
data  available  does  not  allow  critical  evaluation  of  the  various  ways  of  ad- 
ministrating anesthesia.  A  continuous  technique  of  extradural  block  seems 
to  be  preferable  in  vaginal  delivery  (6).  The  judicial  use  of  forceps  can  also 
shorten  the  second  stage  of  labor. 

ii.  Patient  7^121  had  an  arteriovenous  anomaly  which  may  have  bled  in 
labor.  An  unusual  amount  of  headache  occurred  immediately  after  birth.  She 
definitely  hemorrhaged  four  days  later  and  angiography  demonstrated  the 
lesion.  However,  it  has  already  been  noted  that  six  jiatients  with  vascular 
anomalies  went  through  labor  without  an  intracranial  complication. 

iii.  Twenty  patients  bled  during  labor  or  within  the  immediate  twenty-four 
hour  postpartum  j:)eriod,  and  no  aneurysms  or  arteriovenous  anomalies  were 
demonstrated. 

Patients  :i^l22,  ?^123  and  7^124  had  angiograms  which  were  normal.  Patient 
;i^l22  had  an  intracranial  hemorrhage  during  labor.  The  other  two  had  hemor- 
rhaged seven  and  four  hours  after  delivery. 

Patient  ^125  began  to  convulse  in  labor.  After  delivery  she  underwent  a 
craniotomy  for  evacuation  of  an  intracerebral  hematoma.  No  source  of  bleed- 
ing was  seen.  Angiography  was  not  performed. 

Seven  patients  (#126,  ?^127,  7^128,  ?^129,  #130,  #131,  :>^132)  died  and 
were  autopsied.  Patient  ?^126  was  most  unusual  because  she  had  an  incidental 
pheochromocytoma  and,  after  intramuscular  ergotrate,  her  blood  pressure  rose. 
The  site  of  bleeding  could  not  be  determined.  None  of  these  eleven  cases 
had  an  aneurysm  or  malformation  on  post  mortem  examination. 

The  remaining  nine  patients  were  undiagnosed.  Patients  7^133,  ?^134,  ^135 
and  #136  survived,  but  did  not  have  angiography.  Five  fatal  cases  (#137, 
?^138.  #139,  ;^140,  #141)  did  not  have  autopsies.  Patient  #133  apparently 
bled  three  times  during  the  postpartum  period  before  she  succumbed.  The 
various  authors  reporting  these  cases  detailed  the  drugs,  such  as  pitocin  and 
ergotrate,  which  were  administered.  However,  since  these  drugs  are  given 
routinely  by  most  obstetricians,  it  is  stretching  a  point  to  attempt  to  infer 
causal  relationship.  One  would  imagine  that  if  such  a  situation  existed,  there 
would  be  many  more  cases  of  subarachnoid  hemorrhage  in  labor.  Some  of  these 
patients  who  did  bleed  may  have  had  an  idiosyncratic  reaction  to  the  drugs. 

iv.  Six  patients  had  cesarean  sections.  Patients  #142  and  #143  had  elec- 
tive obstetrical  procedures  and  did  not  have  any  labor  experiences.  Patient 
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WALTER  SENCER 


#142  (k'\H'loi)('(l  lU'iuological  ;syiiii)tonis  concomitant  with  spinal  anesthesia. 
Post  mortem  permission  was  denied.  Patient  ^143  developed  a  neurological 
syndrome  following  crgotrate.  She  liad  an  autopsy  and  there  was  "a  torn 
middle  cerebral  artery."  Patients  ^144,  7^145,  j^MQ  and  7^147  all  had  a  trial 
of  labor.  Patient  ^144  suffered  from  subacute  bacterial  endocarditis.  She  died 
twenty-four  hours  after  surgery.  No  mycotic  aneurysm  was  found,  but  there 
was  marked  bleeding  around  the  sella  turcica.  Patient  7^145  was  a  pre- 
eclamptic. Introduction  of  labor  with  jiituitary  extract  failed  and  a  cesarean 
section  was  then  performed.  With  the  spinal  anesthesia  she  was  given  a  vaso- 
pressor drug.  Pituitary  extract  was  given  after  the  placenta  was  delivered.  One 
cubic  centimeter  of  ergotrate  was  administered  intravenously  to  counteract 
atonic  uterine  bleeding.  She  developed  a  sudden  headache,  her  blood  pressure 
rose  to  230/110,  and  she  became  comatosed.  An  autopsy  revealed  a  brain  stem 
hemorrhage  but  no  aneurysm  or  arteriovenous  anomaly.  Patient  #146  was  in 
labor  when  she  developed  intracranial  bleeding.  Cesarean  section  was  immed- 
iately recommended.  She  did  well,  but  angiography  was  not  done.  Although 
advised  against  future  pregnancies,  she  became  pregnant  again.  She  appears 
earlier  in  this  study  as  patient  #33. 

Among  these  twenty-seven  patients  only  one  had  a  congenital  lesion  (#121 
had  an  arteriovenous  malformation).  The  frequently  stated  assumption  that 
labor  resulted  in  the  rupture  of  an  intracranial  aneurysm  could  not  be  proven 
in  ten  post  mortem  examinations.  There  were  torn  blood  vessels  noted  but  no 
aneurysms  or  anomalies.  Thi-ee  additional  patients  had  normal  angiograms 
(;^133  had  total  angiography),  and  one  patient  had  a  craniotomy  during  which 
no  abnormal  vessel  was  encountered. 

Moreover,  following  cesarean  section  in  four  patients  (two  had  elective 
surgery,  two  had  nonproductive  labor)  subarachnoid  hemorrhage  occurred. 

The  above  clinical  data  does  not  prove  that  labor  has  any  special  untoward 
effect  on  congenital  intracranial  lesions — either  aneurysms  or  anomalies. 
Neither  does  a  cesarean  section  give  any  special  extra  protection  against 
intracranial  hemorrhage. 

SPONTANEOUS  SUBARACHNOID  HEMORRHAGE  IN  THE  PUERPERIUM 

There  were  four  i)atients  who  deli\'ered  babies  at  this  institution  and  then 
suffered  intracranial  hemorrhage  in  the  pucrperium.  Their  clinical  data  is 
detailed  below: 

16.  I.K.,  age  36,  para  1.  At  age  35,  when  she  was  25  weeks  pregnant,  she  had 
a  spontaneous  abortion  ("twin  pregnancy"  with  two  previous  admissions— at 
3V2  and  5  months — because  of  incipient  miscarriage).  On  the  fourth  post- 
partum day,  there  was  a  sudden  onset  of  severe  head  pain,  vomiting  and  photo- 
phobia. There  was  tingling  in  the  left  foot  just  before  and  at  the  onset  of 
severe  headache.  The  neurological  examination  was  normal,  except  for  a  stiff 
neck.  The  next  day,  she  developed  an  organic  mental  syndrome,  a  left  ho- 
monymous hemichromatopsia,  a  dilated  left  pupil,  and  a  left  facial  weakness. 
Bilateral  carotid  angiography  failed  to  show  the  source  of  bleeding.  She  has 
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done  well  and  has  been  advised  tiial  there  is  no  contraindicalion  with  re- 
spect to  future  pregnancies. 

17.  M.K.,  age  27,  para  3.  At  age  24,  on  the  fourth  postpartum  day,  after 
s))ontaneousIy  delivering  her  third  chihl,  she  developed  severe  head  pain. 
Within  twenty-four  hours,  a  severe  organic  mental  syndrome  develo|)ed.  Dur- 
ing the  initial  neurological  examination,  a  grand  mal  convulsion  ensued.  There 
was  no  focal  onset.  There  wei'e  no  focal  neurological  findings  at  any  time.  In 
spite  of  high  doses  of  anticonvulsants,  grand  mal  seizures  occurred  three 
to  four  times  over  the  next  three  days.  Bilateral  carotid  and  vertebral 
angiography  were  all  normal.  The  seizures  were  controlled  and  she  has  done 
well.  Future  pregnancies  have  been  disadvised. 

18.  S.K.,  age  36,  para  0.  At  age  26,  three  weeks  following  a  spontaneous 
delivery,  she  suffered  a  sudden  onset  of  loss  of  power  of  speech.  Grand  mal 
seizure  ensued.  Upon  regaining  consciousness,  she  complained  of  severe  head- 
ache. There  was  minimal  right-sided  weakness.  Left  carotid  angiography  dem- 
onstrated elevation  of  the  middle  cerebral  artery  indicative  of  a  mass  in  the 
temjioral  lobe.  She  was  treated  supportively  and  did  well.  She  has  been  cau- 
tioned against  future  pregnancies.  There  has  been  no  recurrence  of  intra- 
cranial bleeding. 

19.  E.G.,  age  24,  para  1.  This  young  woman  delivered  a  normal  child  with- 
out difficulty  under  general  anesthesia.  Low  forceps  were  used.  She  was  well 
and  asymptomatic  when  discharged  on  the  fifth  hospital  day.  On  the  sixth  day 
postpartum,  she  was  found  dead  in  bed.  The  body  was  taken  to  the  hospital 
and  a  post  mortem  examination  was  done.  Diagnosis:  subarachnoid  hemorrhage, 
source  of  bleeding  unknown.  There  were  no  aneurysms  or  vascular  anomalies. 

In  the  literature  (Table  V),  twenty-five  additional  cases  are  reported 
— three  had  aneurysms,  four  had  venous  thromboses,  and  fourteen  had  no 
determined  cause  of  hemorrhage. 

i.  It  is  most  difficult  to  blame  labor  for  the  intracranial  bleeding  in  the 
three  aneurysm  cases.  Patient  ?^148  did  not  hemorrhage  until  the  fourth 
postpartum  day.  It  is  noteworthy,  however,  that  she  was  given  ergotrate  the 
evening  before  the  intracranial  hemorrhage  because  of  vaginal  bleeding.  Pa- 
tient ;^149  had  a  therapeutic  abortion  for  malignant  hypertension  and  bled 
fatally  five  days  later.  Patient  ;>^150  had  a  mycotic  aneurysm  secondary  to 
subacute  bacterial  endocarditis,  which  was  a  complication  of  a  septic  abortion. 

ii.  Among  the  eighteen  patients  whose  source  of  bleeding  was  undetermined, 
three  (7^16,  7^17,  :^18)  had  normal  angiograms.  Patient  7^17  had  visualization 
of  the  entire  cerebral  vasculature.  Patient  #19  was  found  dead  in  bed  five  days 
after  delivery.  A  post  mortem  did  not  reveal  either  an  aneurysm  or  an  arterio- 
venous anomaly.  Patient  #151  had  a  subarachnoid  hemorrhage  apparently 
secondary  to  occlusion  of  an  internal  carotid  artery.  Patient  ^152  had  a 
cesarean  section  for  renal  disease,  became  comatosed  on  the  seventh  postpartum 
day,  and  died.  An  autopsy  revealed  no  congenital  malformation. 

Ten  (#153,  #154,  #155,  #156,  #157,  #158,  #159,  #160,  #161,  #162) 
of  the  remaining  patients  did  well.  They  bled,  respectively,  on  the  thirteenth. 
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third,  eighth,  second,  second,  first,  seventeenth,  ninth,  seventeenth,  sixth 
postpartum  day.  Patient  ^152  was  interesting  in  that  intracranial  bleeding 
occurred  forty-five  niinutes  after  being  given  five  cubic  centimeters  of  1/1000 
epineplu-ine  for  urticaria.  Patient  j^l62  had  a  cesarean  section  due  to  ten 
hours  of  labor  and  fetal  distress.  Patients  ^163  and  ^IM  bled,  respectively, 
at  the  third  and  seventeenth  jiostpartum  day.  Autopsies  were  not  performed 
in  either  case. 

iii.  There  were  four  jjatients  (^165,  7^166,  ?^167,  j^l68)  who  had  venous 
sinus  thrombosis  in  the  puerperium.  Actually,  many  other  cases  of  venous 
sinus  thrombosis  exist.  However,  these  four  were  the  only  ones  who  clinically 
presented  with  proven  subarachnoid  hemorrhage. 

The  theory  that  this  condition  is  somewhat  associated  with  the  postpartum 
increase  in  blood  platelets  and  plasm  fibrinogen  has  been  somewhat  weakened 
by  two  patients  reported,  whose  thromboses  occurred  in  the  first  trimester  of 
pregnancy  (68).  They  were  not  detailed  in  this  study  because  subarachnoid 
hemorrhage  was  not  definitely  proven.  Both  these  patients  developed  acute 
organic  mental  syndromes  with  convulsions,  stu]ior,  and  rapid  death. 

The  postpartum  period  is  only  different  in  that  there  were  patients  who 
suffered  from  proven  sinus  thrombosis.  However,  as  noted,  this  condition  can 
occur  in  the  first  trimester  of  pregnancy  as  well  as  in  the  nonpregnant  patient. 
Again,  no  correlation  existed  between  congenital  lesions  such  as  aneurysms 
and  arteriovenous  anomalies  causing  intracranial  hemorrhage  and  labor.  In 
most  instances  the  latent  period  between  delivery  and  the  episode  of  intra- 
cranial bleeding  was  such — that  if  an  aneurysm  or  anomaly  ruptured  (possible 
but  unproven  in  patients  7^153  through  j^l64) — the  episode  would  have  to  be 
considered  coincidental  with  the  postpartum  period. 

SUMMARY 

An  important  aspect  of  this  study  is  the  large  group  of  patients  whose 
hemorrhage  was  undetermined.  Ignorance  was  predominantly  due  to  incom- 
plete angiographic  studies  which  may  have  been  thought  to  be  potentially 
hazardous  to  pregnancy.  However,  potential  damage  to  the  fetus  by  radiation 
is  highest  in  the  first  trimester  of  pregnancy  (69).  Obviously,  angiography 
may  be  postponed,  if  hemorrhage  occurs  at  that  time,  to  a  later  date  when 
the  abdomen  can  be  covered  by  a  lead  apron  to  further  diminish  any  unto- 
ward effect.  There  does  not  seem  to  be  any  report  of  damage  to  the  fetus  by 
the  contrast  media  and  actually  this  substance  is  used  by  obstetricians  in 
determining  the  position  of  placenta  (70).  Although  carotid  angiography  has 
some  morbidity  (71),  it  is  very  low  in  the  childbearing  age  group,  especially 
in  the  absence  of  intrinsic  vascular  disease. 

In  this  study,  thirty-four  patients  (twenty  with  aneurysms,  seven  with 
arteriovenous  anomalies,  and  seven  with  no  demonstrable  lesions)  had  diag- 
nostic studies  during  pregnancy  without  complications.  The  new  technicjue  of 
brachial  angiography  is  most  effective  in  obtaining  the  visualization  of  the 
vertebral-basillar  circulation.  A  complete  study  of  the  cerebral-vascular  tree  is 
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most  important  in  detcrminino;  prognosis  and  management  of  the  patient. 
When  tlu>  jjaticnt's  clinical  condition  permits,  these  studies  should  be  done. 
Most  likely  many  of  the  96  patients  undiagnosed  as  to  the  cause  of  hemorrhage 
harbored  aneurysms  or  arteriovenous  malformations.  In  this  grou]!,  46  pa- 
tients had  no  angiography.  Twenty-two  had  procedures  but  only  two  had 
complete  visualizations  of  the  cerebral  circulation. 

Th(M-e  were  25  patients  who  suffered  recurrent  hemorrhages.  Only  two 
l)atients  who  had  had  intracranial  bleeding  and  subsequently  became  pregnant 
suffered  any  recurrence  during  the  prenatal  period,  lal)or  or  the  puerperium. 
These  two  (^86 — unknown  cause;  and  ^12 — arteriovenous  anomaly)  bled 
prior  to,  during  and  after  pregnancy — but  not  in  the  puerperium.  Patient 
;^12  is  the  one  who  had  thirty-five  hemorrhages  during  her  lifetime.  Two 
patients  (^78 — arteriovenous  anomaly;  and  ^117 — no  congenital  lesion  at 
post  mortem)  bled  twice — once  in  each  of  two  pregnancies.  Three  patients 
(;^34 — arteriovenous  anomaly;  :^38 — aneurysm;  and  ^69 — aneurysm)  had, 
respectively,  three,  two,  three  episodes  of  hemorrhage  prior  to  pregnancy. 
Patient  ;^69  succumbed  to  her  fourth  hemorrhage  in  thirteen  years  during 
pregnancy.  Twelve  patients  (10 — aneurysms;  and  2 — unknown  cause)  bled 
twice  during  pregnancy:  three  (^48,  7^50,  j^51)  bled  the  second  time 
after  cesarean  section;  three  (^64,  ^65,  ?^66)  bled  and  died  l)efore  reaching 
term;  three  (7^54,  :^59,  #60)  had  neurosurgical  procedures  after  their  second 
episodes  of  intracranial  hemorrhage  and  then  went  to  term;  one  (:^62)  died 
following  neurosurgery.  The  two  without  congenital  lesions  went  to  term  and 
delivered — one  by  cesarean  section,  and  one  vaginally.  Three  patients  hemor- 
rhaged three  times — during  pregnancy,  i^73  who  had  an  aneurysm  and  was 
pre-eclamptic,  and  ^105  whose  hemorrhage  was  of  unknown  cause;  during  the 
puerperium,  #133  who.se  bleeding  was  of  unknown  cause. 

Table  VI  depicts  the  months  of  pregnancy  when  subarachnoid  hemorrhage 
occurred.  Eight  patients  hemorrhaged  in  the  first  trimester,  thirty-one  in  the 
second  trimester,  and  forty-five  in  the  third  trimester.  Although,  obviously,  an 
increased  number  of  patients  hemorrhaged  in  the  last  stage  of  the  prenatal 
period,  the  total  spread  over  a  period  of  nine  months  indicates  that  one  can- 
not per  se  consider  changes  in  circulation  during  pregnancy  as  a  primary 
factor  in  hemorrhage. 

Sixty-six  of  168  patients  died  of  subarachnoid  hemorrhage.  An  addi- 
tional patient  who  bled  twice  during  pregnancy  was  operated  on  and  died 
after  surgery.  Aneurysms  accounted  for  twenty  of  49  patients;  arteriovenous 
anomalies  for  four  of  19;  sinus  throml)osis  for  three  of  4;  unknown  cause  for 
thirty  of  69  patients.  In  the  last  grouj),  post  mortem  studies  were  most  reveal- 
ing. Eighteen  of  30  patients  had  autopsies  and  no  congenital  lesions  were 
found.  This  underscores  the  fallacy  of  assuming  that  aneurysm  is  the  usual 
cause  of  subarachnoid  hemorrhage.  Also  a  frequent  soul-searching  comment 
found  in  literature  was  to  the  effect  that  perhaps  an  oxytoxic  or  vasopressor 
drug  contributes  to  a  "weakened  congenitally  abnormal  vessel."  According 
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to  the  ;iut()i)si('s,  wlicii  a  tlvu^^  had  a  seemingly  "iiHosyiici'atic"  reaction  no  .such 
c()na;enital  ahnornialitii's  wi'i'e  found. 

The  above  desci-il)ed  fretiueiicy  of  recurrence  and  mortality  fip;ures  are  no 
(hlfei'eiit  than  those  usually  found  in  the  noni)re<i;nant  |)oi)ulution.  The  clinical 
material  seems  to  confirm  \\'alton's  (72)  and  Kriegcr's  (73)  opinions  that 
subarachnoid  hemorrhage  in  the  pregnant  patient  is  merely  a  coincidence  but, 
unfortunately,  a  most  grave  one. 

Among  those  patients  who  were  treated  supportively  and  allowed  to  deliver 
by  the  vaginal  route,  there  were  eight  i)atients  who  had  intracranial  aneury.sms 
which  had  bled,*  six  patients  who  had  hemorrhage  from  arteriovenous  anomalies 
(counting  multiple  births — eleven  deliveries) ,  and  twenty-one  patients  the 
cause  of  whose  hemorrhage  was  undetermined  (multiple  birth  accounted 
for  seven  additional  deliveries).  Timberlake  (75j  mentioned  five  more  pa- 
tients who  delivered  vaginally,  but  no  details  were  given.  None  of  these  fifty- 
two  pregnancies  had  any  difficulty  during  labor  or  the  puerperium.  Two  addi- 

TABLE  VI 


Month  of  Pregnancy  When  Subai  achnoid  Hemorrhage  Occurred 


1 

2 

3 

+ 

5 

6 

7 

8 

9 

Unknown 

Aneurysm  

0 

2 

0 

4 

6 

5 

5 

4 

10 

1 

Arteriovenous  Malformation 

0 

0 

0 

2 

3 

0 

1 

3 

3 

0 

Unknown  Cause  

0 

3 

3 

3 

3 

5 

4 

9 

6 

2 

Total  

0 

5 

3 

9 

12 

10 

10 

16 

19 

3 

tional  patients  had  episodes  of  bleeding  prior  to  pregnancy,  during  pregnancy 
and  three  to  five  years  after  normal  labor  and  delivery  of  a  child.  One  patient, 
^12,  had  actually  had  thirty-five  episodes  of  bleeding  during  her  lifetime.  The 
other  patient  only  bled  once  prior,  during  and  following  delivery. 

Among  26  patients  who  were  treated  supportively  and  then  had  cesarean 
sections,  eight  had  aneurysms;  four  of  them  died  after  the  operation — three 
from  recurrent  hemorrhage.  Three  patients  had  bled  from  arteriovenous  mal- 
formations (one  patient  had  two  cesarean  sections).  Fifteen  patients  bled  but 
the  cause  was  undetermined. 

Among  those  patients  who  had  neurosurgical  procedures,  twelve  patients 
who  had  bled  from  aneurysms  were  allowed  to  deliver  vaginally,  as  were 
four  patients  whose  hemorrhage  was  due  to  arteriovenous  malformations.  One 
patient  whose  hemorrhage  was  undetermined  delivered  vaginally  twice, 
another  had  a  cesarean  section.  Three  additional  patients  whose  aneurysms 
were  treated  surgically  had  cesarean  sections.  There  seemed  to  be  a  tendency 

*  Since  this  report  was  written,  one  of  the  author's  colleagues  has  had  two  patients  with 
documented  ruptured  aneurysms  who  subsequently  became  pregnant.  Both  women  have  had 
normal  prenatal  counses,  micomplicated  delivery  by  ihp  vaginal  route,  and  normal  puer- 
periums  (74). 
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to  allow  the  patients  who  had  neurosurgical  procedures  to  deliver  vaginally 
on  tlie  basis  that  the  surgery  had  cured  the  patient. 

CONCLUSION 

1.  A  i)atient  who  suffers  intracranial  hemorrhage  during  pregnancy  should 
have  conijilcte  angiography  as  soon  as  the  neurological  status  allows  the 
procedure  to  be  done  (preferably  after  the  first  trimester  of  pregnancy). 

2.  A  woman  with  a  history  of  subarachnoid  hemorrhage  may  reasonably 
expect  to  lun-e  a  normal  j^regnancy  with  the  expectation  of  no  recurrent 
hemorrhage. 

3.  Clinical  exjierience  demonstrates  that  a  woman  who  has  bled  in  pregnancy 
may  be  permitted  to  deliver  vaginally,  irrespective  of  whether  intracranial 
hemorrhage  is  due  to  an  aneurysm,  a  vascular  anomaly,  or  is  of  unknown 
cause. 

4.  Cesarean  section  does  not  seem  to  protect  a  patient  from  repeat  intra- 
cranial hemorrhage.  Considering  the  additional  morbidity  of  major  abdomi- 
nal surgery,  it  seems  {^referable  to  deliver  these  patients  from  below. 

5.  There  is  no  definite  clinical  evidence  that  labor  per  se  increases  the 
likelihood  of  subarachnoid  hemorrhage  from  any  cause. 

6.  Although  there  may  be  individual  idiosyncratic  responses  to  oxytoxic 
drugs,  there  is  no  evidence  that  these  medications  increase  the  likelihood  of 
subarachnoid  hemorrhage  from  vascular  malformations. 

7.  Subarachnoid  hemorrhage  in  pregnant  patients  seems  to  l)e  coincidental. 
The  clinical  course  of  such  a  patient  does  not  differ  from  a  nonpregnant  pa- 
tient. 
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SIDNEY  A.  HOLLIN,  M.D.,  and  SIDNEY  W.  CiROSS,  M.D. 
New  York,  N.  Y. 

A  subdural  rnipycma  is  a  colk'ction  of  |)us  between  the  dura  mater  and  the 
arachnoid.  This  layer  of  pus  is  of  variable  thickness  and  may  spread  over  a 
part  or  whole  of  one  or  both  cerel)i'al  hemisplieres.  The  arachnoid  membrane  is 
a  rather  firm  barrier  between  the  subdural  and  subarachnoid  -spaces.  At  times 
this  barrier  is  ineffective  and  a  leptomeningitis  may  occur.  Si)read  of  the  in- 
fection may  also  result  in  associated  brain  abscesses,  thrombosis  of  the  superior 
sagittal  sinus  and  sui)erficial  cerebral  veins,  and  infarctions  of  the  cortex. 

In  most  cases  the  primary  .source  of  infection  arises  from  the  paranasal 
sinuses  (usually  the  frontal  sinus j  (1  to  3).  However,  subdural  empyema  may 
also  be  a  complication  of  otitis  media  and  mastoiditis  l4l.  head  trauma  (5  to 
7),  infected  Inirr  holes  (8),  or  pulmonary  infection  (9,  10).  In  rare  instances 
dental  infection  may  be  the  jirimary  focus. 

Cavernous  sinus  thrombosis  (11,  12)  and  intracerebral  abscesses  are  rela- 
tively well  known  complications  of  odontogenic  infection  and  of  extraction  of 
teeth  (13  to  15).  Subdural  empyema  is  quite  rare.  Haymaker  (12)  reported 
three  autopsied  cases,  two  of  which  were  associated  with  brain  abscesses. 
Bacchi  (16)  reported  two  fatal  cases.  Peyser's  case  (17),  (our  Case  1),  will  be 
descril)ed  in  more  detail  in  the  present  connnunication. 

CASE  EEPORTS 

Case  1.  This  31  year  old  female  was  admitted  to  Mount  Sinai  Hospital  in 
1954.  Three  weeks  prior  to  admission  to  the  hospital  she  had  a  right  lower 
molar  tooth  extracted.  The  reason  for  the  extraction  is  not  known.  Two  days 
later  she  developed  right  submandibular  swelling,  which  gradually  became 
worse  over  the  next  few  weeks.  On  admission,  she  complained  of  headaches 
and  a  painful  swelling  of  the  right  side  of  the  jaw.  Her  temperature  was  104°. 
There  was  a  firm  nonfluctuant  swelling  of  the  right  side  of  the  face  and  neck 
and  intraorally  in  the  region  of  the  right  lower  molars.  Under  local  anesthesia, 
an  incision  and  drainage  was  carried  out  in  the  right  inframandibular  region 
and  60  cc  of  creamy  foul  pus  were  evacuated.  The  culture  grew  out  micrococcus 
fetidus.  Following  this  therapy,  the  swelling  gradually  subsided.  However,  the 
patient  became  apathetic.  A  few  days  later  she  began  to  have  focal  left-sided 
seizures.  At  this  time,  she  remained  drowsy.  There  was  no  nuchal  rigidity.  The 
cranial  nerves  were  neurologically  intact.  A  left  hemiparesis  and  left  extensor 
plantar  response  were  present.  Sensation  appeared  to  be  normal.  The  periph- 
eral white  cell  counts  varied  between  10,000  and  19,000  WBC/mm^  with  a 
shift  to  the  left.  Skull  x-rays  were  normal.  Luml^ar  jumcture  revealed  clear 

From  the  Department  of  Neurological  Surgery,  The  Mount  Sinai  Hospital,  New  Y'ork, 
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colorless  fluid  witli  a  normal  pirssure.  There  were  2U  WBC's/mm-'.  Total 
tein  was  64  mg%.  The  spinal  fluid  sugar  was  normal.  Smear  and  cultui'es  of 
the  spinal  fluid  were  negative.  Over  the  next  few  days  the  patient's  condition 
steadily  deteriorated  des])ite  antibiotic  therapy.  She  became  stuporous,  de- 
veloped bilateral  pajjilledema,  a  dilated  fixed  right  pupil,  and  exhibited  a  left 
hemiplegia. 

Four  days  later,  a  l)uri-  hole  was  made  in  the  right  })arietal  region.  The  duia 
was  opened  and  thick  yellow  creamy  pus  was  obtained.  An  additional  bui  r  hole 
was  placed  more  anteriorly,  and  the  subdural  space  was  irrigated  with  antibiotic 
solution.  Cultures  of  the  pus  grew  out  micrococcus  fetidus.  On  August  5,  1954,  be- 
cause of  an  unsatisfactory  response  to  the  above  treatment,  a  large  frontoparietal 
bone  flap  was  turned.  The  dura  was  tense  and,  when  opened,  revealed  a  thick 
pyogenic  membrane,  which  contained  a  large  amount  of  liquid  and  semisolid 
pus.  The  pyogenic  membrane  was  partially  removed  and  the  underlying  cor- 
tex was  seen  to  be  swollen  and  infiamed.  There  were  several  small  cortical 
abscesses.  The  bone  flap  was  discarded  and  three  drains  were  placed  in  the 
subdural  space  for  antibiotic  irrigation. 

Postoperatively  the  patient  made  a  good  recovery.  A  cranioplasty  was  per- 
formed on  September  10,  1956.  When  last  seen  in  1961,  she  was  well  except 
for  a  mild  left  homonomous  inferior  quadrianopsia  and  slight  left  hemiparesis. 

Case  2.  This  25  year  old  male  was  admitted  to  City  Hospital  at  Elmhurst 
in  1960,  because  of  headaches,  drowsiness,  and  confusion.  Over  the  j^receding 
few  months  he  had  14  upper  teeth  extracted  because  of  caries,  malocclusion, 
and  "abscesses  between  his  teeth."  The  last  tooth  had  been  extracted  about  a 
month  before  he  entered  the  hospital.  The  week  before  admission  he  began  to 
have  generalized  malaise,  headaches  and  drowsiness.  On  admission  the  patient 
was  drowsy  and  confused.  The  temperature  was  102°.  There  w-as  a  mild  dys- 
phasia and  slight  right  hemiparesis.  Cranial  nerves  were  normal.  A  right 
extensor  plantar  response  was  elicited.  Sensation  was  intact.  His  neck  was 
stiff  and  Kernig's  and  Brudzinski's  signs  were  positive.  The  w^hite  cell  count 
was  27,600/mm^  with  a  shift  to  the  left.  Lumbar  puncture  revealed  turbid 
fluid  under  normal  pressure.  There  were  clumps  of  white  cells,  90  per  cent  of 
which  were  polymorphonucleocytes.  Skull  x-rays  were  normal.  A  left  carotid 
arteriogram  was  normal. 

The  following  day  the  patient  developed  focal  right-sided  seizures.  His  level 
of  consciousness  deteriorated  and  the  right  hemiparesis  became  more  pro- 
nounced despite  high  doses  of  antibiotics  and  anticonvulsant  medication.  On 
the  fourth  hospital  day  a  burr  hole  was  placed  in  the  left  temporal  region. 
Yellow  pus  was  encountered  in  the  subdural  space.  The  layer  of  pus  was  about 
4  mm  in  thickness.  There  was  no  definite  pyogenic  membrane.  The  burr  hole 
was  enlarged  to  an  adequate  craniectomy  and  the  subdural  space  w^as  irrigated 
with  saline  and  bacitracin  solution.  Penrose  drains  were  left  in  the  subdural 
space  for  postoperative  instillation  of  antibiotics.  Smear  and  cultures  of  the 
pus  were  negative.  The  jiatient  made  a  good  neurological  recovery.  A  cranio- 
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jilasty  was  performed  six  months  later.  A  recent  neurological  examination  was 
negative,  but  the  patient  still  has  an  occasional  grand-mal  seizure. 

DISCUSSION 

Haymaker  (12)  analyzed  28  fatal  cases  in  which  infection  gaining  entrance 
into  the  central  nervous  system  was  initiated  or  precipitated  by  tooth  extrac- 
tion. The  reason  for  the  extraction,  oral  hygiene,  and  the  number  of  teeth  ex- 
tracted did  not  appear  to  be  factors.  However,  fatal  complications  of  dental 
infections  of  the  lower  jaw  were  twice  as  frequent  as  those  of  the  upper  jaw, 
and  were  most  commonly  associated  with  extractions  of  molar  teeth. 

The  infection  may  spread  directly  through  the  base  of  the  skull  or  via  the 
bloodstream.  Regional  suppurative  cellulitis  may  result  in  pus  burrowing  along 
the  fascial  planes  to  the  base  of  the  skull,  invading  the  paranasal  sinuses  or 
orbit,  and  then  penetrating  the  cranial  cavity  by  way  of  a  suppurative  throm- 
bophlebitis or  osteomyelitis.  The  sphenoid  sinus  is  most  frequently  involved. 
Maxillary  sinusitis  may  occur  when  the  floor  of  the  sinus  is  fractured  during 
tooth  extraction.  Hematogenous  spread  occurs  more  commonly  from  the  lower 
jaw  (12).  Intracranial  involvement  may  occur  from  the  drainage  of  the  dental 
veins  into  the  pterygoid  plexus,  which  anastomoses  with  the  cavernous  sinus 
via  the  foramen  lacerum  and  foramen  ovale. 

Several  days  or  weeks  following  a  tooth  extraction,  the  patient  may  develop 
local  swelling  or  tenderness.  Shortly  thereafter  signs  of  intracranial  involve- 
ment appear  rather  suddenly.  Headaches,  signs  of  meningeal  irritation,  and 
diminished  levels  of  consciousness  are  usually  present.  Focal  phenomena,  such 
as  seizures  or  hemiparesis,  are  commonly  associated  with  this  disorder.  Gen- 
eralized seizures  may  occur.  Fever  may  vary  from  100°  to  105°.  The  peripheral 
white  count  is  often  elevated  above  12,000/mm^  and  there  is  a  high  proportion 
of  polymorphonucleocytes.  The  spinal  fluid  pressure  may  be  moderately  ele- 
vated and  the  fluid  is  usually  clear  and  colorless  with  an  increase  of  cells  vary- 
ing from  a  few  dozen  to  several  hundred.  In  the  typical  case,  the  protein  is 
moderately  elevated,  the  sugar  is  normal,  and  the  smears  and  cultures  of  the 
spinal  fluid  are  negative  for  bacterial  growth. 

Cerebral  abscess,  which  is  a  more  common  complication  of  dental  extrac- 
tion, is  usually  suspected.  The  diagnosis  of  meningitis  is  often  considered,  but 
the  fact  that  the  spinal  fluid  contains  only  slight  or  moderate  increase  in  white 
cells,  the  normal  sugar,  the  absence  of  organisms  on  smear  and  culture,  and 
the  subsequent  development  of  focal  signs  should  lead  one  to  consider  the 
possibility  of  a  subdural  abscess.  Cortical  thrombophlebitis  may  present  an 
almost  identical  picture  and  at  times  may  be  extremely  difficult  to  differentiate 
from  a  subdural  empyema.  The  problem  is  further  complicated  by  the  not  in- 
frequent association  of  subdural  empyema  with  generalized  leptomeningitis 
and  brain  abscess  (9,  18) . 

Carotid  angiography  may  demonstrate  a  subdural  mass  (19),  but  may  be 
negative  if  the  collection  of  pus  is  thin  (as  in  our  Case  2).  It  is  important  to 
proceed  with  burr  hole  exploration  if  the  diagnosis  is  seriously  considered.  Pus 
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is  usually  ohtaincd  hy  u  i)iin-  hole  over  the  dorsolateral  convexity  of  the  cere- 
bral hemisphere.  At  times  the  empyema  may  be  locatcnl  in  the  superior  lon^^i- 
tudinal  fissure  between  the  falx  and  the  medial  surlaee  of  the  hemisphere 
(1,  9,  20).  Failure  to  reeo<2;nize  this  intcrhemispheric  location  may  contribute 
to  hish  mortality.  Spread  of  pus  under  the  falx  to  the  other  side  may  occur. 

The  mortality  rate  and  incidence  of  serious  neurological  sequelae  has  been 
high  (2,  10,  21,  22).  Gurdjian  and  Webster  (18)  believe  that  drainage  of  the 
abscess  through  multiple  trephine  oj)enings  and  the  instillation  of  antibiotics 
through  I'ubber  catheters  is  an  effective  method  of  treatment.  Poor  results  with 
three  successive  cases  treated  by  multi])le  burr  holes  prompted  Glass  (24)  to 
utilize  a  large  osteoplastic  flap,  which  allows  the  surgeon  to  remove  more  pus, 
break  up  loculated  collections,  and  place  drainage  tubes  more  advantageously 
under  direct  vision  without  injury  to  the  surface  of  the  cortex.  Keith  (23)  and 
Botterell  and  Drake  (8)  recommend  eradicating  the  infected  frontal  sinus 
(when  this  is  the  primary  source  of  infection)  and  removing  bone  along  the 
midline  and  frontal  region  in  order  to  obtain  adequate  drainage. 

Gross  (25)  reported  a  case  of  subdural  empyema  secondary  to  frontal  sinus- 
itis, which  was  successfully  treated  by  a  large  craniectomy  and  penicillin. 
Pyser's  (17)  last  four  cases  have  also  been  treated  by  this  method  with  good 
results.  Burr  holes  may  not  be  adequate  for  sufficient  drainage  and  loculated 
pockets  of  pus  may  not  be  reached  with  a  limited  exposure.  Case  1  did  not 
respond  to  trephines,  but  eventually  recovered  after  an  adequate  craniotomy 
followed  by  discarding  the  bone  flap.  A  large  craniectomy  was  carried  out  in 
Case  2  with  gootl  results.  Penrose  drains  may  be  inserted  into  the  subdural 
space  for  the  instillation  of  antibiotics. 

SUMMARY 

Two  cases  of  subdural  empyema  of  odontogenic  origin  are  presented.  The 
clinical  features  and  management  of  this  condition  are  discussed. 
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New  York,  N.  Y. 

'Hiou^li  tears  of  tlu'  stoinacli  indmH'd  l)y  I'oi'ccful  voiuitiii^  have  been  recog- 
nized as  a  eause  of  gastrie  lieiiiorrhage  sinee  1929,  there  liave  been  infrequent 
reports  of  this  condition  in  the  English  literature.  I^obbins  (1)  reported  54 
cases  including  three  of  his  own.  In  view  of  the  (apparent)  rarity  of  the  con- 
dition, we  feel  it  may  serve  a  purpose  to  record  the  following.  We  aic  pr<)in])ted 
also  by  the  fact  that  our  patient,  who  seemed  to  have  an  uneventful  oi)cra- 
tive  course,  died  suddenly  and  unexpectedly  soon  after  completion  of  the 
operative  procedure.  Although  there  are  yet  only  few  operative  case  reports, 
this  is  an  uncommon  result  in  cases  where  the  diagnosis  is  made  and  treatment 
carried  out  early.  It  may,  of  course,  have  no  connection  with  the  basic  condi- 
tion. 

CASE  REPORT 

C.H.,  a  38  year  old  well-built  Negro  male,  was  admitted  to  Greenpoint  Hos- 
pital June  3,  1963,  at  6:15  p.m.  He  complained  of  severe  epigastric  pain  and 
hematemesis  over  the  preceding  four  hours.  In  the  past  few  years  he  had  had 
some  vague  epigastric  pain  unrelieved  by  antacids.  There  was  no  history  of 
hematemesis  antedating  the  present  episode.  An  upper  gastrointestinal  series 
at  another  hospital  some  twelve  months  previously  revealed  no  abnormality. 
The  patient  was  a  "moderate"  smoker  and  drinker,  and  he  said  he  had  taken 
"three  drinks  the  night  before  admission."  Some  twelve  hours  prior  to  ad- 
mission, he  developed  sudden  epigastric  pain  and  vomiting  which  settled  soon 
after.  The  only  fact  of  note  in  his  ])ast  history  was  an  appendectomy  ten  years 
before. 

Physical  examination  revealed  a  well-nourished  male  of  stated  age.  He  was 
cold  and  clammy,  yet  his  blood  pressure  ranged  between  160/100  and  130/90 
mm  Hg. ;  temperature  98.6°;  respirations  22  and  pulse  100.  Lung  fields  were 
clear.  No  cardiac  abnormality  was  noted.  There  was  some  deep  epigastric 
tenderness.  The  liver  was  enlarged  to  two  fingerbreadths  below  the  right  costal 
margin;  the  edge  was  smooth  and  nontender.  Rectal  examination  revealed 
guaiac  positive  stool.  A  provisional  diagnosis  of  bleeding  duodenal  ulcer  was 
made.  Other  laboratory  findings  included:  hemoglobin  15.6  Gm;  hematocrit 
+31;  urinalysis— negative;  BUN  15  mg%  ;  glucose  125  mg%;  WBC  9,800; 
x-ray  chest  and  abdomen — no  abnormality. 

The  patient  was  treated  with  bed  rest;  nasogastiic  lavage  with  iced  saline; 
and  intravenous  dextrose  in  water  (5%).  At  10:00  p.m.,  4  hours  after  admis- 
sion, because  of  continued  active  bleeding,  it  was  decided  to  explore  his  ab- 
domen, believing  there  was  a  bleeding  vessel  in  a  chronic  duodenal  ulcer.  He 
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was  prcmedicated  with  Doinerol  75  mg  and  atropine  0.4  uig.  In  the  operating 
room  at  10:30  p.m.  his  blood  pressure  was  80/50;  pulse  100  and  respirations  24. 
Blood  replacement  was  started.  General  anesthesia  was  induced  with  sodium 
surital  10  mg  of  0.5"^^  solution  and  maintained  with  cycloi)ropane  10.5%  and 
oxygen,  administered  via  a  cuffed  endotracheal  tube.  Relaxation  was  obtained 
with  succinylcholine  chloride. 

Operation 

A  midline  incision  i)rovided  rapid  access  to  the  stomach,  which  was  filled 
with  blood.  The  duodenum  appeared  healthy.  A  gastrotomy  was  created  and 
the  stomach  emptied  of  clot  and  liquid  blood  which  was  seen  to  run  down  from 
above.  Careful  inspection  of  the  fundus  revealed  a  5  cm  laceration  in  the 
mucosa  in  the  long  axis  of  the  organ,  immediately  distal  to  the  esophagogastric 
junction.  At  about  the  middle  of  the  laceration,  there  was  a  small  vessel 
pumping  into  the  gastric  lumen.  The  laceration  was  repaired  with  one  double 
zero  chromic  catgut  suture.  The  stomach  was  sponged  clear,  and  the  gas- 
trotomy was  closed  with  two  layers  of  running  chromic  catgut  (00)  sutures. 
The  abdominal  wall  was  closed  with  nonabsorbable  sutures.  The  procedure 
took  a  little  short  of  two  hours.  Blood  replacement  during  the  procedure  was 
achieved  with  two  units  of  blood.  The  patient's  systolic  blood  i)ressure  was 
maintained  at  over  100  mm  Hg.  except  for  a  ten-minute  period  immediately 
prior  to  operation  when  it  dropped  to  80/50  mm  Hg. 

Thirty  minutes  after  the  procedure,  while  the  patient  was  being  returned  to 
the  ward,  he  suddenly  collajised,  became  pulseless  with  a  nonrecordable  blood 
pressure,  and  despite  resuscitative  measures,  died. 

Post  mortem  examination  showed  frothy  fluid  in  both  bronchi.  The  esoph- 
agus was  normal.  The  stomach  was  empty  but  there  were  a  few  small  super- 
ficial mucosal  erosions.  In  the  po.sterior  wall  of  the  stomach,  1  cm  distal  to  the 
cardio-csojihageal  junction,  the  longitudinal  tear  of  the  mucosa  and  submucosa 
4.5  cm  long,  with  1  catgut  suture  in  situ,  was  found  (Fig.  1 ) .  The  small  bowel 
contained  a  small  amount  of  altered  blood.  Microscopic  examination  of  the 
gastric  laceration  showed  linear  destruction  of  the  mucosa  and  part  of  the 
submucosa.  Blood  and  fibrin  filled  the  tear.  The  arteriolar  walls  were  infil- 
trated with  polymorphonuclear  leukocytes. 

DISCUSSION 

In  every  series  of  cases  of  hematemesis,  there  is  a  varying  proportion  clas- 
sified "of  undetermined  origin"  even  after  surgical  exploration.  It  is  quite 
likely  that  the  Mallory-Weiss  Syndrome  is  responsible  for  .some  of  these.  The 
relative  frequency  of  the  condition  is  emphasized  by  Atkinson,  et  al.  (2)  who 
described  eleven  cases  seen  in  one  area  of  Britain  in  "a  short  period." 

Although  the  condition  has  been  recognized  since  1929,  it  was  not  until  Whit- 
ing and  Barron's  (3)  case  that  a  successful  repair  of  the  laceration  was  car- 
ried out.  Since  then,  several  other  successes  have  been  reported. 
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The  exact  etiology  i.s  still  unclear,  although  it  seems  likely  that  forceful 
straining  especially  from  (excessive)  vomiting  is  the  most  |)rominent  factoi". 
This  straining  effect  is  enhanced  in  those  i)atients  with  liiatus  hernia,  whci'c; 
the  lower  intrathoracic  pressure  i)rovi(les  a  higher  pressure  gradient  across  the 
gut  wall  (2).  Interestingly,  our  jiatient  had  little  in  the  way  of  vomiting.  Of 
the  eleven  patients  described  by  Atkins(jn,  in  oidy  four  ihd  \-omiting  piccede 
heniatemesis. 

Radiological  examination  is  not  helpful  and  the  diagnosis  must  be  consid- 
ered in  any  patit'ut  who  is  explored  for  hematemesis  in  whom  no  other  cause 


Fig.  1.  Photograph  of  fixed  autopsy  specimen  showing  esophagogastric  junction  to  the 
right.  The  linear  tear  is  indicated  by  the  two  paper  arrows.  The  suture  is  close  to  tlie  left 
arrow. 

can  be  found.  It  becomes  necessary  in  such  circumstances  to  perform  careful 
gastrotomy  and  exclude  the  tear  by  careful  inspection  of  the  lower  esophagus 
and  upper  stomach.  The  existence  of  the  lesion  is  yet  further  evidence  against 
performing  "blind"  gastrectomy  for  bleeding  of  undetermined  origin. 

SUMMARY 

An  early  case  of  the  Mallory-Weiss  syndrome  is  reported.  The  patient  had 
an  unexpected  and  tmexplained  demise  soon  after  successfi-.l  repair  of  the 
tear. 

Attention  is  drawn  to  the  necessity  of  inspecting  the  esophagus  and  gastric 
cardia  via  a  gastrotomy  opening  in  all  patients  with  unexplained  gastric 
hemorrhage  who  recjuire  surgical  exploration. 


548 


B.   R.   MEYFROW  ITZ   AND   1.    I.  ROSENTHAL 


REFERENCES 

1.  Dobbins,  W.  O.:  Diagnosis  of  Malloiy- Weiss  Syndrome.  Gastroenterology,  44:  689,  1963. 

2.  Atkinson,  M.,  Bottill,  M.  B.,  Edw.ards,  A.  T.,  Mitchell,  W.  M.,  Feet,  B.  G.,  and 

Williams,  R.  E.:  Mucosal  Tears  at  the  Oesophagogastric  Junction.  Gut.,  2:  1,  1961. 

3.  Whiting,  E.  G.,  and  Barron,  G.:  Massive  Hemorrhage  from  Laceration,  Apparently 

Caused  by  ^"omiting,  in  Cardiac  Retiion  of  Stomach,  with  Recoveiy.  Calif.  Med., 
82:  188, 1955. 


Clieiiii<'al  (]<uili'(>l  <>(  lii<M'l<'('li'i<'  (airi'<'iils  in 
IMoiiiln-aiK's  of  (><>ii(lii(*tiiig  Oils* 

DAVID  NACHMANSOHX,  M.D.t 
ISRAEL  SPAMER  WECllSLER 

(1886-1962) 

It  is  a  great  honoi'  to  give  the  fii-^t  Israel  S.  Wcchsler  Memorial  Lecture. 
Israel  Wechsler  was  a  dynamic  and  colorful  personality.  It  is  characteristic  for 
his  great  stature  and  for  the  wide  scope  of  his  interests  that  he  reached  emi- 
nence in  several  entirely  different  fields. 

He  was  a  brilliant  neurologist  of  international  reputation.  He  was  Pro- 
fessor of  Clinical  Neurology  at  Columbia  University,  created  a  strong  neuro- 
logical center  at  the  Montefiore  Hospital,  and  was  the  Chairman  of  the  De- 
partment of  Neurology  here  at  the  Mount  Sinai  Hospital  from  1938  until  his 
retirement  in  1951.  He  had  the  great  satisfaction  that  one  of  his  pupils,  Dr. 
Morris  B.  Bender,  succeeded  him  at  the  Hospital.  He  was  an  outstanding 
educator  and  inspiring  teacher.  His  Textbook  of  Neurology  is  widely  used,  not 
only  in  the  United  States,  but  in  many  countries  abroad,  and  has  been  trans- 
lated into  several  languages.  It  is  now  in  its  ninth  edition,  the  last  one  having 
appeared  two  weeks  after  his  death.  In  addition  he  has  published  more  than 
one  hundred  original  papers  on  problems  of  neurology  and  psychiatry  and  a 
scholarly  book  on  Neuroses.  After  the  publication  of  this  book,  Sigmund  Freud 
invited  him  to  come  to  Vienna  and  after  two  visits  there  the  two  men  remained 
in  correspondence  until  the  time  of  Freud's  death.  Although  he  accepted  many 
psychoanalytic  concepts,  he  vigorously  criticized  the  unscientific  attitude  of 
many  analysts. 

Israel  Wechsler  was  keenly  aware  of  the  rapid  advances  of  neurophysiology 
and  neurochemistry  during  the  last  decades.  He  fully  realized  the  ]jrofound 
impact  which  basic  sciences  must  have  on  the  future  of  neurologj\  Whenever 
he  discussed  this  future,  he  considered  the  field  to  be  in  its  infancy  and  pre- 
dicted vast  changes  and  the  development  of  a  much  deeper  and  better  under- 
standing of  nerve  and  brain  function,  based  on  the  spectacular  advances  of 
biophysics  and  biochemistry.  It  is  a  testimony  to  his  vision  and  to  his  en- 
thusiastic devotion  to  the  field  that  he  had  the  humility — being  an  expert  and 
leader  in  the  field — to  emphasize  time  and  again  the  narrowness  and  the  limi- 
tation of  the  present-day  knowledge,  and  that  his  mind  was  open  to  the  great 
revolution  taking  place  in  life  sciences. 

The  recognition  of  his  leadershi])  was  shown  by  his  election  to  the  Chair- 
manship of  the  Section  of  Neurology  and  Psychiatry  of  the  Academy  of  Medi- 

*  Israel  S.  Wechsler  Memorial  Lecture  presented  on  December  6,  1963,  at  the  Mount 
Sinai  Hospital,  New  York,  N.  Y. 

t  Professor  of  Biochemistry,  Department  of  Neurology,  College  of  Phj-sicians  and 
Surgeons,  Columbia  University,  New  York,  N.  Y. 
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cine,  to  the  Presidency  of  the  New  York  Neurological  Society,  and  to  the 
Presidency  of  the  American  Neurological  Association.  In  spite  of  his  great 
professional  achievements,  the  intensity  of  his  activities  and  his  interest  in 
many  other  fields  were  most  remarkable.  He  was  a  scholar  of  unusually  high 
standard  not  only  in  English,  but  also  in  French  and  German  literature  and  in 
European  history,  being  fluent  in  the  three  languages.  He  was  an  enthusiastic 
reader  of  Shakespeare,  \Ahose  books  he  always  took  with  him  on  his  many 
travels. 

Coming  from  Rumania  with  his  parents  at  the  age  of  fourteen,  he  was  also 
fluent  in  Yiddish  and  Helirew.  He  became  an  ardent  and  i)roud  x\merican  thor- 
oughly dedicated  to  American  idealism  and  imbued  with  American  concepts. 
But  he  also  remained  deeply  attached  to  the  Jewish  heritage,  to  the  great 
ethical  and  spiritual  values  of  the  Jewish  prophets,  scholars  and  poets.  He  had 
a  great  knowledge  and  admiration  of  Judaism  and  was  an  expert  on  Jewish 
history.  He  had  many  friends  among  the  outstanding  scholars  of  the  Jewish 
Theological  Seminary,  among  them  the  late  Professor  Louis  Ginzberg,  Pro- 
fessors Shalom  Sjncgel  and  Louis  Finkelstein,  and  Professor  Salo  Baron  of 
Columbia  University.  In  recognition  of  his  remarkable  work  on  Maimonides, 
the  Seminary  [presented  him,  in  1947,  with  the  Maimonides  citation  for  Jewish 
scholarship,  an  extraordinary  accomjilishment  for  a  man  with  so  many  re- 
sponsibilities and  so  many  activities  in  his  profession. 

In  addition  to  this  wide  range  of  scholarly  activities  and  achievements,  Israel 
Wechsler's  passionate  dream  and  vision  was  the  building  up  of  the  Hebrew 
University  of  Jerusalem.  Having  spent  his  early  youth  in  a  small  Jewish  com- 
munity in  Eastern  Europe,  he  was  keenly  aware  of  the  frustrating  condition* 
prevailing  among  the  Jews  of  Central  and  Eastern  Europe,  the  severe  handi- 
caps for  the  intellectuals,  the  ominous  threats  to  their  existence,  although  no- 
body could  have  foreseen  the  catastrophy  which  led  to  the  virtual  destruction 
of  most  of  European  Jewry.  It  was,  therefore,  not  surprising  that  his  idealistic 
and  humanitarian  personality  led  him  to  Zionism.  However,  especially  at  that 
time,  in  the  1920's,  it  was  not  so  much  the  idea  to  save  Jewish  lives  and  to 
provide  for  the  existence  of  as  many  Jews  as  possible.  He  saw  alternative  solu- 
tions for  this  problem.  But  it  was  his  ardent  desire  to  provide  a  place  for  Jewish 
scientists,  physicians,  scholars  and  poets  in  a  free  and  creative  atmosphere 
and  to  build  up  for  this  purpose  the  Hebrew  University.  This  institution  would 
have  the  special  function  of  being  the  great  center  where  the  Jewish  heritage 
would  be  cultivated  in  the  ancient  homeland  and  form  the  basis  for  the  crea- 
tion of  new  values  for  the  benefit  of  the  whole  of  mankind. 

His  boundless  energy  and  his  devotion  to  the  Hebrew  LTniversity  became  in- 
valuable for  the  development  of  that  institution.  The  general  respect  for  Wech- 
sler's personality  as  a  scholar  and  as  a  neurologist  made  it  possible  for  him  to 
engage  the  active  support  of  many  important  people.  He  was  President  of  the 
Friends  of  Hebrew  University  for  many  years,  and  later  their  Honorary  Presi- 
dent. He  was  on  the  Board  of  Governors  of  Hebrew  University  and,  for  a  few 
years,  Deputy  Chairman.  His  activities  brought  him  into  close  contact  with 
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many  outstanding  Jewish  leaders  who  shared  liis  interest,  such  as  Albert  Kin- 
stein,  Chaini  \\'eiziuann,  Judali  L.  jNIaf^nes,  Shemarjah  Levin,  Cliaini  N.  Bialik 
and  many  otliei's.  In  <iratitu(le  I'oi'  his  service  and  in  recof^nil ion  of  his  schol- 
arly achievements  the  Ilebi'ew  University  conferred  upon  him,  in  1955,  the 
honorary  degree  of  Doctor  of  Philosophy.  In  1959  he  was  honored  by  the  es- 
tablishment of  the  Israel  Wechslei'  C'haii-  in  Neurology. 

The  lively  and  ins|)irin<r  pei'sonality  of  Wechsler,  the  originality  of  his  ideas 
and  concepts,  his  knowledge  in  so  many  fields,  his  wit  and  humor,  a  seemingly 
inexhaustible  wealth  of  stories,  attracted  many  leading  people  of  oui-  e|)0ch  in 
addition  to  those  already  mentioned.  He  had  a  large  cii'cle  of  fiiends  among 
scientists,  artists,  writers,  philosophers,  and  historians. 

Wechsler  was  an  affectionate  family  man,  greatly  devoted  to  his  wife,  Min- 
nie, and  to  his  daughter,  Mrs.  Miriam  Linn  and  her  family.  It  was  a  tragedy 
that  he  lost  his  only  son  Rol)ert,  a  young  medical  student  of  great  promise. 

Wechsler's  passing  was  a  personal  loss  to  many  of  us  and  lias  left  many 
gaps,  but  his  creative  achievements  have  erected  a  monument  which  will  con- 
tinue to  live. 

*       «  « 

A.  THE  IONIC  PERMEABILITY  CHANGES  OF  CONDUCTING  MEMBRANES 

More  than  a  century  ago  it  has  been  established  that  nerve  impulses  are 
propagated  along  nerve  and  muscle  fibers  by  electric  currents.  These  currents, 
in  a  fluid  system  such  as  the  living  cell,  must  be  carried  by  ions,  as  was  fully 
recognized  in  the  nineteenth  century.  It  was  also  known  that  the  concentration 
of  K  ions  is  high  in  the  cell  interior  compared  to  that  in  the  surrounding  fluid, 
while  the  reverse  is  true  for  Na  ions.  On  the  basis  of  simple  experiments  Over- 
ton (1),  in  1902,  concluded  that  during  electrical  activity  Na  ions  enter  into 
the  cell  interior  and  an  equivalent  amount  of  K  ions  moves  to  the  outside.  The 
availability  of  radioactive  ions  after  World  War  II  made  it  possible  to  meas- 
ure quantitatively  these  ion  movements.  Studies  with  squid  giant  axons  by 
Rothenberg  (2)  and  by  Keynes  and  Lewis  (3)  fully  confirmed  Overton's  idea. 
It  was  found  that  about  4  fxfj.  moles  of  Na  ions  enter  the  axon  per  cm-  per  im- 
pulse and  an  equivalent  amount  of  K  ions  moves  to  the  outside.  The  increased 
movements  of  Na  ions  take  place  during  the  rising  phase  of  the  action  poten- 
tial, while  K  ions  flow  to  the  outside  during  the  falling  phase  [Hodgkin  (4)]. 

Theories  about  the  mechanism  by  which  these  ion  movements  are  controlled 
and  electric  currents  are  generated  and  propagated  started  to  develop  in  the 
latter  part  of  the  nineteenth  century  when  it  became  known  that  strong  po- 
tential differences  may  develop  at  semipermeable  membranes.  Physical  chem- 
ists, such  as  Traube,  Ostwald,  Nernst  and  others,  suggested  that  nerve  and 
muscle  fibers  may  be  surrounded  by  semipermeable  membranes  and  that  per- 
meability changes  of  these  membranes  are  responsible  for  electrical  activity. 
The  formulation  of  these  ideas  best  known  to  biologists  is  that  of  Bernstein 
(5).  He  proposed  that  the  fibers  are  surrounded  by  semipermeable  membranes 
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which,  in  tho  resting  condition,  arc  pcnncal)le  for  K  ions  only;  they  have  a 
pof^itixc  cliar<>;e  on  the  ovitside  and  a  ncu;ativc  one  on  the  inside.  When  excited, 
the  lucnihranc,  (hic  to  increased  permeabiUty,  becomes  depolarized  and  small 
cuifcnts  develop  between  the  excited  (active)  part  of  the  membrane  and  the 
resting  (inactive)  one.  These  small  currents  stimulate  the  adjacent  part  of  the 
meml)i'ane  and  the  same  process  is  there  repeated.  In  this  way  successive  parts 
of  the  membrane  are  excited  and  the  impulse  is  propagated.  Modern  concepts 
are  basically  similar  with  the  exception  that  there  is  not  a  simple  depolariza- 


inacti  ve 


resting  potential 
50  mV 


Fk;.  1.  Schematic  presentation  oj  the  permeability  changes  in  the  conducting  membrane 
during  electrical  activity.  The  uppermost  drawing  shows  the  reversal  of  charge  m  the  ac- 
tive point  compared  to  that  in  the  inactive  section.  Na  ions  enter  durmg  the  nsmg  phase 
of  the  action  potential  (drawing  below);  there  is  not  only  a  breakdown  of  the  restmg  po- 
tential, but  an  "overshoot."  During  the  falling  phase  of  the  action  potential  (repolarization) 
K  ions' move  to  the  outside.  In  the  lower  part  the  drawings  show  the  activation  of  three  suc- 
cessive points  of  the  membrane. 

tion  at  the  excited  points,  but  a  reverse  of  charge,  the  socalled  "overshoot" 
(Fig.  1),  (6,7). 

Until  recently,  however,  the  conducting  membranes  as  well  as  other  cell 
membranes  were  a  theoretical  notion,  a  postulate  rather  than  a  well-defined 
scientific  reality.  Electron  microscopy  combined  wath  liiochemistry  has 
changed  the  situation,  as  in  the  case  of  many  other  subcellular  structures.  In- 
formation has  been  obtained  about  structural  features  and  the  composition  of 
cellular  membranes,  about  forces  controlling  the  selective  transport  of  sub- 
stances from  the  inside  of  the  cell  to  the  outside  and  vice  versa.  Robertson  (8) 
has  proposed,  on  the  basis  of  extensive  studies,  the  concept  of  the  "unit  mem- 
brane" of  the  structure  of  cellular  membranes,  to  which  belongs  the  plasma 
membrane  surrounding  the  cell.  The  unit  membrane  has  a  thickness  of  about 
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80  A  and  is  formed  by  tliroe  layers,  a  bimoleoular  leaflet  of  phos|)liolii)i(ls  sur- 
rounded on  the  inside  and  outside  by  jirotein  layers.  The  sti'uctui-al  uniformity 
of  the  difl'erent  iiiembi'anes  would,  of  coui'se,  not  indicate  an  identity  of  their 
chemieal  forces.  Evidence  is,  in  fact,  accunndating  that  in  spite  of  the  struc- 
tural similarities  there  are  considerable  variations  of  chemical  composition 
even  in  similar  types  of  cellulai'  niembi'anes.  Recently,  Sjostrand  (9)  has  re- 
ported data  on  structural  features  of  cellular  membranes  at  variance  with 
those  on  which  the  unit  meinlirane  concept  is  based.  According  to  Sjostrand 
cellulai'  membranes  can  be  gi'ou|)ed  into  three  different  classes  with  respect  to 
tluir  dimensions;  there  are  also  differences  of  structural  patterns.  The  total 
thickness  of  that  class  of  membranes  to  which  belong  the  plasma  membranes 
he  finds  to  be  90-100  A;  moreover,  the  plasma  membranes  are  geometrically 
asymmetric.  Sjostrand  interi)!'ets  his  findings  to  reflect  ])rofound  differences  with 
respect  to  molecular  sti'ucture  of  the  various  membranes. 

Independent  of  the  ])rol)lems  of  structural  features,  it  is  certain  that  the  dif- 
ferent cellular  membranes  nuist  have  special  chemical  systems  for  their  many 
special  and  diversified  functions.  The  unique  feature  of  the  conducting  mem- 
brane, witlely  assumed  to  be  identical  with  the  plasma  membrane,  is  its  ability 
to  use  the  ionic  concentration  gradients,  common  to  other  cells,  for  the  gen- 
eration and  jiropagation  of  electric  currents  by  changing  its  permeability  in 
an  extremely  ra]:)id,  precise  and  reversible  way. 

It  is  inconceivable  that  electricity  in  a  fluid  system  such  as  the  living  cell 
can  be  generated  and  pi'opagated  without  chemical  reactions.  Any  doubt  as 
to  the  chemical  nature  of  the  processes  changing  the  permeability  and  con- 
trolling the  ion  movements  was  removed  by  the  recent  heat  production  meas- 
urements of  A.  V.  Hill  and  his  associates  (10).  Some  thirty  years  ago.  Hill 
and  his  associates  had  found  that  the  initial  heat  produced  during  activity 
amounts  to  only  about  2  fj.  calories  g  nerve/impulse.  This  apparent  smallness 
of  the  initial  heat  produced  was  interpreted  by  Hodgkin  (11)  as  being  the 
result  of  ion  mixing,  excluding  by  implication  any  chemical  reaction  taking 
place  in  the  primary  events  generating  the  electric  currents.  A  few  years  ago, 
Hill  and  his  associates  took  up  these  measurements  with  much  faster  record- 
ing instruments.  Using  Maja  nerves  at  0°  C,  they  found  that  al)out  14  /a  calo- 
ries are  produced/g  nerve/impulse,  roughly  coinciding  with  electrical  activity. 
This  positive  ]ihase  is  followed  by  a  prolonged  negative  heat  taking  place 
within  100-300  milliseconds.  The  negative  heat  amounts  to  about  — 12  calo- 
ries/g/imi)ulse.  The  initial  heat  measured  previously  was  the  balance  of  the 
two  phases.  However,  as  the  authors  point  out,  the  events  take  place  in  a 
membrane  which,  as  mentioned  before,  is  only  about  80  A  thick.  The  heat 
should  therefore  be  referred  to  g  active  membrane  material  and  not  to  g  nerve. 
In  that  case  the  heat  produced  during  electrical  activity  amounts  to  about  2 
millicalo)'ies/g  active  material/impulse,  an  amount  of  heat  comparable  to  that 
observed  in  muscular  contraction.  Discounting  other  explanations,  Hill  ( 12) 
sees  "no  alternative  to  the  hypothesis  that  the  early  production  and  absorp- 
tion of  heat  after  a  stimulus  are  largely  due  to  chemical  reactions  associated 
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with,  and  following,  the  permeability  cycle."  Clearly,  knowledge  of  the  chemi- 
cal and  molecular  forces  controlling  the  permeability  cycle  is  essential  for 
the  understanding  of  the  nature  of  bioelectricity,  of  the  mechanism  of  nerve 
impulse  j^ropagation. 

While  the  permeability  cycle  during  electrical  activity  is  a  unique  feature 
of  the  conducting  membrane,  there  will  be  many  other  functions  and  chemi- 
cal reactions  not  specific  for  the  membrane  of  the  conducting  cells.  One  of 
them  is,  for  instance,  the  maintenance,  or  restoration,  of  the  ionic  concentra- 
tion gradients.  The  extrusion  of  Na  ions  from  the  interior  across  the  mem- 
brane to  the  outside  and  the  uptake  of  K  ions  from  the  outer  environment  are 
processes  taking  place  in  most  other  cells.  These  uphill  movements  are  slow 
and  require  considerable  amounts  of  energy.  Evidence  is  accumulating  for  the 
essential  role  of  the  energy  released  by  ATP  hydrolysis  in  these  processes.  Al- 
though this  problem  has  been  frequently  discussed  in  connection  with  nerve 
impulse  conduction,  it  must  be  recognized  that  these  reactions  are  a  feature 
common  to  most  cells  just  as  oxidation  or  glycolysis. 

The  question  which  I  will  discuss  in  this  lecture  is  that  of  the  specific  chemi- 
cal reactions  associated  with  the  permeability  cycle  during  electrical  activity, 
the  knowledge  presently  available,  some  of  the  unsolved  problems  and  the 
perspectives  and  hopes  for  the  future.  This  may  appear  as  an  ambitious  aim; 
obviously,  I  can  present  only  a  condensed  outline  and  will  have  to  refer  fre- 
quently to  the  material  which  has  been  published. 

B.  ROLE  OF  ACH  IN  THE  CONTROL  OP  ION  MOVEMENTS 
ACROSS  CONDUCTING  MEMBRANES 

The  well-known  hypothesis  of  neurohumoral  transmission  associated  acetyl- 
choline (ACh)  with  a  special  part  of  nerve  activity;  it  assumed  that  the  ester 
acts  as  a  "mediator"  from  nerve  to  nerve  or  from  nerve  to  muscle.  However, 
the  idea  was  not  acceptable  to  many  leading  neurophysiologists,  among  them 
Erlanger  (13),  Fulton  (14),  Lorente  de  No  (15)  and  many  others.  In  view  of 
many  similarities  between  conduction  along  axons  and  transmission  across 
synaptic  junctions,  they  did  not  admit  the  assumption  of  a  basic  difference 
between  the  two  processes. 

Thirty  years  have  passed  since  the  observations  were  reported  which  formed 
the  basis  of  the  neurohumoral  transmitter  theory.  The  classical  methods  of 
physiology  and  pharmacology  which  were  used  in  those  experiments,  in  spite 
of  the  refinements  applied  since  then,  do  not  permit  to  analyze  the  chemical 
events  in  a  membrane  of  100  A  thickness  taking  place,  as  the  electrical  parame- 
ters indicate,  in  milliseconds  or  less.  However,  since  that  time  a  real  revolution 
has  taken  place  in  life  sciences.  The  development  of  dynamic  biochemistry, 
the  spectacular  advances  in  protein  and  enzyme  chemistry,  the  progress  in 
instrumentation  and  methodology,  such  as  x-ray  crystallography,  electron 
microscopy,  optical  rotatory  dispersion,  etc.,  have  provided  powerful  tools 
which  thirty  years  ago  hardly  anybody  would  have  imagined.  They  have 
opened  nearly  unlimited  possibilities  to  study  cellular  function  on  cellular, 
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subcellular  and  moloculai'  levels.  It  apjieared  necessary  to  reopen  the  question 
of  the  I'olc  of  ACh  in  nerve  activity  and  to  invest if2;ate  the  problem  of  l)i()- 
electrogenesis,  i.e.,  the  forces  conti'ollinf;  the  ion  movements  across  conducting 
membranes,  by  apjilyiiifi  the  wide  range  of  new  methods  available. 

It  was  of  crucial  importance  for  studyin^^  the  chemical  basis  of  bioelectro- 
genesis  that,  in  addition  to  the  general  devel()i)nients,  a  particularly  favorable 
material  was  available,  the  electric  organs  of  electric  fish,  used  by  the  author 
for  the  study  of  the  problems  since  1937.  Some  of  the  electric  organs  are  the 
most  powerful  bioelectric  genei'ators  created  by  nature  and  are  highly  si)e- 
cialized  in  their  function.  The  cellular  unit,  the  electroplax,  has  similar  elec- 
trical i)arameters  as  the  nerve  or  muscle  cell.  It  is  only  the  arrangement  in 
series,  as  in  a  Voltaic  pile,  by  which  the  high  voltage  of  the  discharge  is 
achieved.  In  the  electric  organ  of  the  electric  eel,  Elecfrophoruff  electricus, 
for  instance,  in  which  the  discharge  amounts  to  600  volts,  5000  to  6000  cells 
are  arranged  in  series  (Fig.  2).  Although  poor  in  proteins  (about  3%)  and  rich 
in  water  (93^^^  ),  the  electric  organs  of  the  electric  eel  and  of  Torpedo  hydro- 


Fif!.  2.  Diagram  of  the  arrangement  in  .series  of  the  electroplax  in  the  electric  organs  oj 
the  electric  eel,  Eleclrophorus  electricus.  The  main  organ  (upper  left)  forms  the  largest  part, 
the  t)undle  of  Sachs  is  located  near  the  tail  end.  Below  these  two  organs  is  found  the  organ  of 
Hunter. 

lyze  2-4  g  of  ACh  per  gram  fresh  weight  per  hour.  This  tissue  has  been  used 
for  the  extraction  of  proteins  and  enzymes  associated  with  the  function  of  ACh, 
especially  of  ACh-esterase,  which  has  been  and  still  is  in  the  center  of  the 
chemical  and  molecular  studies.  The  sequence  of  energy  transformations  as- 
sociated with  electrical  activity  has  been  established.  This  information  led  to 
the  discovery  of  choline  acetylase,  the  enzyme  which  forms  ACh  (16).  This 
was  the  first  enzymatic  acetylation  achieved  in  a  soluble  system,  in  which  it 
was  shown  that  the  free  energy  released  by  ATP  hydrolysis  may  be  used  for 
acetylation.  The  hydrolysis  and  the  formation  of  ACh  have  been  integrated 
into  the  metabolic  pathways  and  many  chemical  and  electrical  events  have 
been  correlated  (17-22). 

On  the  basis  of  these  biochemical  investigations  it  became  soon  apparent 
that  the  idea  of  neurohumoral  transmission  in  its  original  form  had  to  be 
abandoned.  ACh  does  not  act  as  a  mediator  between  two  cells,  its  action  is 
an  intracellular  or  an  intramembranous  process  and  not  limited  to  the  junc- 
tions. It  has  been  in  many  ways  established  that  the  ACh  system  is  essential 
for  the  control  of  the  ion  movements  across  the  membranes  of  conducting 
cells  during  electrical  activity.  It  provides  these  membranes  with  the  special 
mechanism  which  permits  the  rapid  and  reversible  changes  of  permeability 
responsible  for  bioelectric  currents.  There  is  no  alternative  to  this  particular 
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conclusion,  no  otlicr  explanation  exists  or  has  even  been  seriously  attempted 
for  the  huge  amount  of  data  accumulated  over  a  period  of  more  than  twenty- 
five  years.  ACh  is  the  "specific  operative  substance"  in  the  elementary  proc- 
esses of  conducting  membranes  in  the  sense  applied  by  Otto  Meyerhof  to  the 
role  of  ATP  in  the  elementary  processes  of  muscular  contraction. 

Although  the  essential  role  of  ACh  in  the  permeability  changes  of  the  con- 
ducting membrane  is  firmly  established,  many  details  still  require  further  in- 
vestigations. The  following  theory  has  emerged  as  to  the  role  of  ACh  in  the 
processes  controlling  the  permeability  changes  (Fig.  3).  ACh,  in  resting  condi- 
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Fig.  3.  Schematic  -presentation  of  the  elementary  process  controlling  the  membrane  per- 
meability during  electrical  activity.  Integration  of  ACh  into  the  metabolic  pathways.  The 
role  of  ACh  in  the  permeability  cycle  may  be  pictured  as  follows:  1)  In  resting  condition 
ACh  (  9  )  is  bound  to  a  storage  protein  (S).  The  membrane  is  polarized.  2)  ACh  is  released 
by  current  flow;  the  free  ester  combines  with  the  receptor  protein  (R).  A  conformational 
change  of  the  receptor  (symbolized  by  dotted  line)  leads  to  a  shift  of  charge;  this  process 
increases  permeability ;  it  is  the  trigger  action  by  which  the  ionic  concentration  gradient 
becomes  effective.  3)  The  ester-receptor  complex  is  in  dynamic  er|uilibrium  with  free  ester 
and  receptor.  The  free  ester  is  attacked  by  ACh-esterase  (E).  4)  The  hydrolysis  of  the  ester 
permits  the  receptor  to  return  to  its  original  condition.  The  permeability  barrier  is  re-estab- 
li.shed  and  the  membrane  is  repolarized. 


tion,  is  present  in  a  bound  form.  Any  stimulus  reaching  the  membrane  (such 
as,  e.g.,  electric  current)  leads  to  a  release  of  the  ester  which  combines  with  a 
receptor.  Although  the  receptor  has  not  been  isolated  as  yet,  the  assumption 
that  it  is  a  protein  appears  to  be  the  most  reasonable  one.  Proteins  have  the 
most  flexible  and  versatile  properties  such  as  one  would  expect  from  a  mole- 
cule having  the  postulated  function.  Two  proteins  have  been  isolated  which 
are  associated  with  its  function:  the  enzyme  which  produces  it  and  the  one 
which  hydrolyzes  it.  It  seems  more  probable  that  a  third  protein  rather  than 
an  entirely  different  type  of  macromolecule  has  the  proper  qualities  for  the 
receptor  and  similar  although  modified  active  sites  as  the  two  enzymes,  a  view 
supported  by  experimental  data.  In  the  theory  the  receptor  is  therefore  as- 
sumed to  be  a  protein.  In  the  reaction  of  ACh  with  the  receptor  some  change 
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is  iii'oduocd,  jirohahly  a  change  of  oonfonnation  leadiiif!;  to  a  shift  of  chai'gc. 
The  basic  pi'inciph'  was  first  suggested  by  Kurt  H.  Meyer  in  1937  123),  al- 
though at  that  time  only  in  general  terms.  It  is  the  reaction  of  ACh  with  the 
I'ecejitor  wliicli  is  res])()nsible  for  the  inci'eased  permeability  and  initiates  the 
])rocesses  j)erinitting  the  rapid  movements  of  Na  and  K  ions.  The  ester-receptor 
compk'X  is  in  a  dynamic  e(iuilibrium  witii  free  ester  and  receptor  protein; 
the  free  ester  is  attacked  by  ACh-esterase  and  rapidly  inactivated  by  hydroly- 
sis. The  receptor  (and  the  permeability)  now  return  to  the  original  resting 
condition.  The  barrier  is  re-established.  The  permeability  cycle  initiates  a 
series  of  other  chemical  reactions  taking  i)lace,  some  of  them  simultaneously, 
others  successively  or  in  parallel.  During  the  recovery  ACh  is  reformed,  Na 
ions  are  extruded  and  K  ions  taken  uj),  etc. 

The  ACh  system  must  be  assumed  to  he  located  in  or  adjacent  to  the  con- 
ducting membrane.  Supporting  this  assumption  were  some  biochemical  data 
(24-26) .  These  were,  however,  of  a  more  indirect  nature.  Recently,  direct  evi- 
dence for  the  localization  of  ACh-esterase  in  the  membranes  has  been  obtained 
by  electron  microscopy  combined  with  staining  technicjues  (27)  and  by  isola- 
tion of  the  membranes  with  the  use  of  discontinuous  density  gradients  (28). 
It  appears  most  likely  that  the  system  is  highly  organized  in  a  way  similar  to 
that  of  other  multi-enzyme  systems  in  subcellular  structures.  A  structural 
organization  may  readily  account  for  the  efficiency,  high  speed  and  precision 
of  the  chemical  reactions  controlling  the  membrane  changes  underlying  bio- 
electric currents. 

C.  EVIDENCE  FOE  THE  ESSENTIAL  ROLE  OF  ACH  IN  THE  PERMEABILITY 
CHANGES  OF  THE  MEMBRANES  DURING  ELECTRICAL  ACTIVITY 

1.  Significant  features  oj  the  system.  The  huge  amount  of  evidence  ac- 
cumulated in  favor  of  the  proposed  theory  has  been  summarized  in  a  mono- 
graph (17)  and  in  more  recent  review  articles  quoted  before  (18-22).  Some 
of  the  main  features  of  the  evidence  may  be  briefly  summarized.  Certain  re- 
quirements had  to  be  met  before  the  theory  could  be  proposed.  Obviously,  the 
system  must  be  present  in  all  cells  capable  of  generating  and  propagating 
electric  currents.  The  special  (although  not  specific)  type  of  esterase,  ACh- 
esterase,  which  hydrolyzes  ACh,  has  been  demonstrated  to  be  present  in  vari- 
ous types  of  conducting  fibers  throughout  the  animal  kingdom,  in  motor  and 
sensory,  in  so-called  cholinergic  and  adrenergic  fibers,  in  central  an  periph- 
eral, in  vertebrates  and  invertebrates.  The  concentrations  of  ACh-esterase  are 
adequate  to  hydrolyze  in  milliseconds,  i.e.,  within  the  first  recovery  period, 
significant  amounts  of  ACh.  Most  nerve  fibers  may  hydrolyze  50-500  /xmoles 
of  ACh/g  nerve/hr,  although  some  fibers  have  lower  and  some  higher  concen- 
trations. However,  the  activity  should  be  referred  to  unit  surface  area  rather 
than  to  gram  nerve  since  it  is  known  that  the  enzyme  is  essentially  concen- 
trated in  the  region  where  the  conducting  membrane  is  located.  Thus,  the 
activity  per  unit  surface  area  is  very  much  greater  than  the  figures  per  gram 
permit  to  estimate.  In  recent  still  unpublished  measurements,  carried  out  in 
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our  laboi'atoiy  by  Dr.  Miro  Brzin  witli  the  magnetic  diver  technique  (29,  30), 
some  data  of  ACh  hydrolysis  per  unit  surface  have  been  obtained.  In  the 
squid  giant  axon  the  figures  are  10"^^  mole  of  ACh  hydrolyzed  i^er  cm-/msec. 
Assuming  3  to  4-fold  excess  and  2-3  msec  required  for  the  removal  of  ACh  re- 
leased per  impulse,  1  molecule  of  ACh  would  be  metabolized  per  1000  to  2000 
Na  ions  entering  the  interior  in  these  axons.  This  is,  of  course,  only  a  rough 
approximation.  In  other  fibers  the  activity  per  cm-  per  unit  membrane  surface 
area  was  found  to  be  30-50  times  higher.  It  may  be  recalled  in  this  connection 
that  the  extraordinary  activity  of  ACh-esterase  in  electric  tissue,  highly  spe- 
cialized for  bioelectrogenesis,  can  hardly  be  considered  as  an  accident  of  na- 
ture. 

Choline  acetylase.  the  enzyme  which  forms  ACh,  is  also  present  in  all  con- 
ducting fibers  tested,  although  in  markedly  lower  concentrations  (19).  This 
is  not  surprising  since  the  formation  of  ACh  is  a  slow  recovery  process  and  not 
directly  associated  with  electrical  activity,  as  is  the  case  with  ACh-esterase. 
The  objection  raised  that  the  concentration  of  this  enzyme  in  some  sensory 
fibers  (dorsal  roots)  is  too  low  to  be  compatible  with  the  theory  has  no  va- 
lidity, as  has  been  recently  discussed  in  detail  (19).  In  unmyelinated  sensory 
fibers  choline  acetylase  was  recently  shown  to  be  quite  high  (31). 

Among  the  prerequisites  required  for  assuming  a  special  chemical  reaction 
to  be  associated  with  the  ])ermeability  changes  in  the  conducting  membrane 
that  of  an  extraordinarily  high  speed  is  of  particular  importance.  The  whole 
permeability  cycle  takes  place  within  about  1-3  msec,  according  to  the  type  of 
fiber.  The  peak  of  the  spike  of  the  increase  in  permeability  is  reached  within 
100  /jLsec.  Obviously,  only  a  chemical  reaction  with  a  comparable  speed  may  be 
postulated  to  be  associated  with  this  electrical  activity.  ACh-esterase  is  one 
of  the  fastest-acting  enzymes  known.  According  to  the  latest  evaluation  of 
Lawler  (32)  the  turnover  time  of  the  enzyme  is  at  most  30-50  /xsec,  probably 
smaller,  a  speed  fully  adeciuate  for  the  postulated  function. 

2.  Inseparable  association  of  electrical  and  ACh-esterase  activity.  The  pre- 
requisites mentioned,  although  pertinent  and  suggestive  because  of  their  extra- 
ordinary character,  cannot  be  used  as  evidence  for  the  proposed  function.  A 
crucial  test  requires  the  demonstration  of  a  direct  correlation  between  electri- 
cal activity  and  the  reaction  of  ACh  with  the  two  proteins  postulated  to  be 
involved  in  the  permeability  cycle,  the  receptor  and  ACh-esterase.  If  the  pro- 
posed concej^t  is  correct  it  should  be  impossible  to  separate  electrical  activity 
from  the  functioning  of  these  two  proteins.  Block  of  either  the  one  or  the  other 
by  competitive  and  potent  specific  inhibitors  should  block  conduction.  Al- 
though the  two  proteins  are  located  in  close  vicinity  and  each  inhibitory  com- 
pound related  in  structure  to  ACh  may  react  with  the  active  site  of  both  pro- 
teins, the  affinities  to  each  of  them  vary  greatly,  in  some  cases  by  several 
orders  of  magnitude.  This  makes  it  possible  to  decide  which  of  the  two  proteins 
is  affected  by  the  action  of  a  compound. 

Competitive  and  potent  inhibitors  of  ACh-esterase  applied  to  a  great  num- 
ber of  different  types  of  nerve  fibers,  under  a  variety  of  conditions  and  with 
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different  procedures,  block  electrical  activity.  Under  no  conditions  has  it  been 
possible  to  separate  electrical  and  ACh-esterase  activity.  If  the  enzyme  ac- 
tivity falls  to  a  low  level,  conduction  inevitably  fails,  thus  demonstrating  the 
essential  function  of  the  enzyme  in  the  permeability  cycle.  Physostigmine  has 
long  been  known  as  a  potent  competitive  and  reversible  inhibitor  of  ACh- 
esterase.  The  dissociation  constant  of  the  enzyme  inhibitor  complex  is  1  X 
10"'^.  The  compound  reversibly  blocks  electrical  activity  in  all  types  of  con- 
ducting fibers:  motor  and  sensory,  sympathetic  and  parasympathetic  (so-called 
cholinergic  and  adrenergic),  central  and  ])eripheral,  vertebrate  and  inverte- 
brate, and  in  muscle. 

Organophosphorus  compounds  are  another  type  of  potent  inhibitors,  but 
this  inhibition  is  "irreversible"  in  the  sense  that  the  enzyme  can  only  be  reac- 
tivated by  chemical  action,  but  not  by  dilution  or  dialysis,  as  in  the  case  of 
competitive  reversible  inhibitors.  These  compounds  are  for  several  reasons 
useful  tools  for  studying  the  relationship  of  electrical  and  enzyme  activity; 
there  are,  however,  many  pitfalls  in  such  analysis  (17,  18).  At  first  it  was 
thought  that  it  is  possible  to  inactivate  the  enzyme  completely,  while  electrical 
activity  was  still  unimpaired  (33).  Critical  evaluation  of  these  and  subsequent 
data  has  revealed  that  invariably  some  of  the  many  pitfalls  had  been  over- 
looked and  inadequate  procedures  had  been  used.  There  is  an  excess  of  en- 
zyme, but  as  soon  as  the  enzyme  activity  falls  below  a  certain  minimum  level, 
electrical  activity  is  blocked.  But  even  after  complete  irreversible  block  of 
conduction  some  enzyme  activity  still  remains.  In  no  instance  has  it  ever  been 
possible  to  separate  electrical  and  enzyme  activity. 

The  question  was  raised  why  the  concentration  of  an  inhibitor  required  to 
block  conduction  is  so  much  higher  than  that  required  to  inhibit  the  enzyme  in 
solution.  Such  a  question  overlooks  completely  the  fundamental  difference 
between  the  action  of  enzyme  inhibitors  used  in  solution  and  that  applied  to 
intact  cells  or  tissues.  Much  of  the  enzyme  present  in  cells  (or  tissues)  is  either 
poorly  or  not  at  all  accessible  to  compounds  applied  externally,  since  some  of 
them  do  not  penetrate  into  the  cell  and  others  only  in  a  very  small  fraction  of 
the  outside  concentration.  Neostigmine,  for  instance,  a  lipid  insoluble  com- 
pound, does  not  enter  all  (34).  This  will  be  later  discussed  in  more  detail.  But 
even  when  a  highly  li])id  soluble  compound  is  applied,  such  as  diisopropyl- 
phosphofluoridate  (DFP),  the  inside  concentration  is  only  one-thousandth  of 
that  on  the  outside  at  the  time  at  which  electrical  activity  is  blocked  (35). 
The  importance  of  structural  barriers  for  the  apparent  (not  real)  potency  of 
an  inhibitor  has  been  strikingly  demonstrated  by  Dettbarn  (36)  with  the  frog 
sciatic  nerve.  In  this  nerve  there  are  present  several  1000  heavily  myelinated 
fibers,  surrounded  by  a  fat,  connective  tissue  and  a  sheath.  Applied  to  the 
whole  nerve,  5  mg  of  physostigmine  per  ml  are  required  to  block  electrical 
activity  in  30  min.  When,  however,  a  single  fiber  is  isolated  and  the  inhibitor 
is  applied  in  a  few  ju.g/ml  to  a  single  node  of  Ranvier,  electrical  activity  fails 
within  a  few  minutes.  The  apparent  potency  has  increased  more  than  one- 
thousandfold. 
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3.  Essentiality  of  A(^h  receptor  for  electrical  activity.  Althougli  an  ACh 
receptor  has  been  jiostulated  for  a  long  time,  its  existence  as  a  cell  constituent 
distinct  from  ACh-esterase  has  been  experimentally  demonstrated  only  in 
recent  years.  Since  some  compounds  related  in  structure  to  ACh  have  a  high 
affinity  to  the  receptor  and  a  low  one  to  the  enzyme,  it  is  possible  to  block 
electrical  activity  by  compounds  acting  on  the  receptor  without  affecting  the 
enzyme  activity.  Compounds  with  high  affinity  to  the  enzyme,  on  the  other 
hand,  block  only  when  the  enzyme  activity  has  decreased  to  a  low  level.  This 
evidence  has  first  been  obtained  on  the  eletcroplax  (37)  and  more  recently  by 
Dettbarn  (38)  on  lobster  axons  which  are  suitable  for  this  type  of  experiments 
for  reasons  to  be  discussed  later. 

The  compounds  acting  only  on  the  receptor  have  been  divided  into  two  dif- 
ferent types  according  to  the  way  they  affect  the  electrical  parameters  (37). 
One  type  blocks  electrical  activity  without  depolarization,  indicating  that  the 
barrier  to  ion  movements  remains  unchanged;  in  the  other  case  the  barrier  is 
reduced  in  a  way  comparable  to  that  prevailing  during  activity.  Quaternary 
compounds  such  as  ACh,  carbamylcholine,  decamethonium,  neostigmine  and 
others  usually  belong  to  the  latter  category,  whereas  most  tertiary  analogues 
such  as  for  instance  procaine,  tetracaine  and  the  tertiary  analogue  of  neo- 
stigmine belong  to  the  former  category.  If  one  associates  the  transient  change 
of  permeability  in  the  conducting  membrane  with  the  reaction  between  ACh 
and  receptor,  one  must  assume  that  ACh  not  only  combines  with  the  receptor 
but  produces  a  simultaneous  change.  We  have,  therefore,  introduced,  in  anal- 
ogy with  substrates  and  inhibitors  in  enzyme  chemistry,  the  distinction  be- 
tween receptor  activators  which  effect  this  change,  and  receptor  inhibitors 
which  combine  with  the  active  site  of  the  receptor  but  are  unable  to  i)roduce 
the  change  and  apparently  prevent  ACh  from  acting;  these  latter  compounds 
are  competitive  inhibitors  ("antimetabolites"). 

Of  great  importance  for  the  study  of  the  interaction  of  ACh  and  related 
structures  with  the  receptor  has  been  the  develojiment  of  a  monocellular  elec- 
troplax  preparation  by  Schoffeniels  (39,  40).  A  single  electroplax  is  dissected 
from  the  Sachs  organ  of  Electrophorus  and  kept  between  two  nylon  sheets,  one 
with  a  window  adjusted  to  the  dimensions  of  the  cell,  the  other  with  a  grid 
consisting  of  nylon  threads  by  which  the  cell  is  pressed  against  the  window 
(Fig.  4).  The  two  sheets  containing  the  cell  between  window  and  grid  are 
mounted  between  two  blocks  of  Incite,  each  containing  a  pool  of  fluid  (Fig.  5). 
When  the  two  blocks  are  fixed,  the  cell  separates  the  two  pools  of  fluid  so  that 
ions  or  other  dissolved  substances  cannot  pass  from  one  pool  to  the  other  ex- 
cept through  the  cell.  Only  one  face  of  the  cell  is  innervated  and  has  the  con- 
ducting membrane,  while  the  other  face,  which  is  richly  folded,  is  not  inner- 
vated and  nonconducting  (Fig.  6).  The  fluid  of  one  chamber  bathes  one  type  of 
membrane,  that  of  the  second  chamber  the  other  type.  The  innervated  mem- 
brane of  the  electroplax  has  a  rectangular  shape:  the  preparation,  therefore, 
is  suitable  for  the  study  of  ion  movements  across  the  membranes.  With  the 
use  of  radioactive  material  and  appropriate  arrangements,  the  preparation  per- 
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nni^  oiu'  to  follow  the  rates  of  ion  Ilux  nci'o.ss  the  two  membranes  separately, 
to  study  physical  and  chemical  factors  ul'fectinff  it  and  to  measure  changes  of 
electrical  i)arameters  simultaneously  (41,  42,  43,  44).  A  series  of  improvements 
have  been  introduced  during  recent  years  by  Higman,  Bartels  and  Podleski 
(45-47),  especially  a  switching  device  which  permits  the  measurement  of  the 
l)otcntial  difference  across  the  conducting  and  the  nonconducting  membrane 
with  intracellular  electrodes  and  aci'oss  the  whole  cell.  Due  to  its  extreme  sensi- 


FiG.  4.  Diagram  presenting  the  arrangement  in  which  a  single  isolated  electroplax  sepa- 
rates tu'o  pools  of  fluid.  The  drawing  shows  the  respective  position  of  one  chamber  for  the 
pool  of  fluid,  the  sheet  of  nylon  containing  a  window,  the  single  electroplax,  and  the  grid 
used  for  pressing  the  cell  against  the  window.  The  second  chamber  is  not  shown  in  the  draw- 
ing. 

tivity  to  the  smallest  modification  of  the  chemical  structure  of  compounds 
reacting  with  the  receptor,  the  preparation  has  become  a  unique  and  useful 
tool  for  examining  the  action  of  ACh  and  related  compounds  on  the  receptor 
to  study  structure-activity  relationships  and  to  correlate  the  action  to  the 
effect  on  electrical  parameters.  The  results  are  readily  reversible  and  remark- 
ably reproducible  with  cells  of  different  specimens.  An  experiment  with  ACh, 
shown  in  Figure  7,  illustrates  the  rapid  and  completely  reversible  block  of 
electrical  activity  by  ACh  and  the  simultaneous  depolarization  of  the  mem- 
brane (78).  Figure  8  shows  the  block  without  depolarization  by  a  receptor 
inhibitor  (tetracaine) . 
Pertinent  for  the  topic  under  discussion  were  the  observations  on  the  effects 
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of  the  local  anesthetics  procaine  and  tetracaine  on  this  preparation.  These 
two  comjiounds  are  analogous  in  structure  to  ACh: 

R  (+)  R  (+) 

R*NCH..CHo()C— 0(-'         R®NCHoCH20C— 0(-i 
R  1  H 

CH:, 


Acetylcholine  Procaine 
The  substitution  of  a  methyl  group  on  the  N  atom  by  a  proton  makes  this  com- 


FiG.  5.  Photograph  of  the  chambers,  used  for  the  monocellular  electroplax  preparation, 
shows  the  position  of  the  window  and  the  threads  of  nylon  between  the  two  pools  of  fluid. 
On  the  right  side  of  the  picture  one  sees  the  two  tubes  for  the  air  lift. 


pound  lipid  soluble  since  at  neutral  pH  part  of  the  molecules  are  in  an  un- 
charged form.  Lipid  solubility  is  still  further  enhanced  by  the  substitution 
of  the  methyl  group  on  the  carbon  of  the  carbonyl  group  by  an  aniline  ring. 
In  tetracaine  one  hydrogen  on  the  N  of  the  aniline  is  substituted  by  a  butyl 
group. 

These  compounds  are  typical  receptor  inhibitors  with  a  low  affinity  to  the 
esterase;  they  act  like  typical  antimetabolites,  abolishing  the  effect  of  the  ex- 
ternally applied  ACh  at  the  junction  and  that  released  internally  in  the  con- 
ducting membrane.  The  competitive  mode  of  action  has  been  demonstrated 
in  experiments  on  the  monocellular  electroplax  (45,  47).  It  is  particularly  ap- 
parent by  the  contrast  to  a  compound  such  as  the  puffer  fish  poison  tetrodotoxin 
which  blocks  electrical  activity  in  low^  concentrations,  but  has  no  affinity  to 
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ACh-estcrase  or  receptor.  No  antagonistic  action  is  observed  l)et\veen  this  foxin 
and  ACh  or  related  compounds. 

The  evidence  that  procaine  and  tetracaine  act  as  antimetaboHtes  by  compe- 
tition with  ACii  cxphuns  the  mode  of  action  of  local  anesthetics  as  a  chemical 


Fifi.  R.  ^^ icrosroiH  picture  of  a  cross  section  of  a  single  elcctroplax  in  the  bundle  of  Sachs 
of  Kh  (■/ r(j/ih(iriis  I  l(  c/ricus.  Only  the  one  face  of  the  electrophix  (the  upper  one  in  the  pic- 
ture) is  innervated:  the  deeply  folded  other  face  is  not  innervated.  The  arrow  indicates  the 
space  between  the  connective  tissue  surrounding  the  adjacent  compartment  and  the  in- 
nervated membrane.  In  the  dissection  the  connective  tissue  membrane  of  the  adjacent  com- 
partment must  be  removed. 


Ringer^  Sol.           Eserine           Eserine  +  Acetyl  Choline                   Ringer's  Sol. 
I  1  I  1  I  ]  1  I  1 


I5v  I7v  I5v  I5v  20v         20v  20v  I5v  I7v 


Fig.  7.  Effect  of  ACh  on  the  resting  and  action  -potentials  of  a  single  isolated  electroplax. 
The  Figure  shows  the  inseparable  association  of  the  blocking  and  the  depolarizing  action. 
The  recordings  were  made  with  the  cathode  ray  oscilloscope  by  means  of  microelectrodes, 
one  of  them  intracellular.  The  value  for  the  resting  potential,  measured  by  the  distance  be- 
tween the  two  ba.se  lines  is  usually  about  85  mV.  A-F  direct,  A'i-F'2  indirect  stimulation. 
The  voltages  refer  to  stimulus  strength.  A-A'2  control  in  Ringer's  solution;  after  A-A'» 
phvsostigmine  5  X  10"°  M  added  at  0  time;  B,  B'  5  min.  later.  ACh  5  X  10'"  M  +  phvso- 
stigmine  5  X  10"'  M  added  at  5'/2  min.;  C-C'o  30  sec,  D,  D'  32  min.  later.  Returned  to 
Ringer's  solution  at  9'/2  min.  after  0  time.  E,  E'  1  min.,  F-F'^  15  min.  recovery.  Calibration 
in  this  and  the  following  Figure:  1000  cycles/sec.  and  50  mV  (78). 

reaction  with  a  specific  chemical  cell  constituent.  At  the  same  time  the  data 
offer  evidence  for  the  postulated  role  of  ACh  in  the  conducting  membrane  by 
demonstrating  the  inseparable  association  of  electrical  activity  with  the  re- 
ceptor since  it  is  w-ell  known  that  these  local  anesthetics  are  capable  of  block- 
ing electrical  activity  in  all  conducting  membranes. 
The  receptor  jirotein  has  not  been  isolated  as  yet.  A  protein  isolated  by 
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curare  precipitation  from  electric  tissue  of  Electrophorus  and  thought  to  be  a 
single  component  with  a  high  affinity  to  curare  (48)  has  been  resolved  by 
column  chromatography  into  at  least  4-5  components.  None  of  the  proteins 
had  a  liigh  affinity  to  curare  (49).  The  conckisions  of  the  earHer  work  have 
thus  been  invalidated. 


The  momentous  discovery  of  Engelhardt  and  Ljubimova  (50,  51)  that 
myosin  reacts  with  ATP  in  a  way  postulated  by  theory  and  acts  as  ATP-ase 
opened  a  new  chapter  in  the  efforts  to  explain  how  chemical  energy  is  trans- 
formed in  the  living  cell  into  mechanical  energy  during  muscular  contraction. 
The  interest  of  many  investigators  in  many  laboratories  has  since  that  time 
centered  around  the  problem  of  the  precise  interaction  of  ATP  with  the  struc- 
tural proteins  of  muscle.  The  last  twenty-five  years  have  seen  great  achieve- 
ments of  these  efforts  in  many  laboratories  and  molecular  levels  have  been 
reached  (see,  e.g.,  52-55).  Of  crucial  importance  for  the  final  understanding 


Fig.  8.  Effect  of  tetracaine  (a  receptor  inhibitor)  on  the  resting  and  action  potentials  of 
a  single  isolated  electroplax.  The  compound  blocks  electrical  activity  but  witli  ilrpdhiiiza- 
tion.  Recordings  as  in  the  preceding  Figure.  Only  the  re.sponse  to  direct,  but  not  to  mdnect, 
stimulation  is  shown,  since  in  both  cases  the  resting  potentials  remain  unchanged.  A:  Con- 
trol in  Ringer's  solution;  B:  5'/2  min.  after  the  addition  of  tetracaine  5  X  10"^  M.  Returned 
to  Ringer's  solution  at  6  min.:  C:  11  min.  recovery;  D:  Calibration  (45). 

will  be  the  answer  to  the  question  of  what  exactly  happens  with  actin  and 
myosin  in  their  interaction  with  ATP  during  the  moment  of  contraction. 

A  similar  situation  prevails  in  the  problem  of  the  chemical  events  effecting 
the  permeability  cycle  in  the  conducting  membrane  during  electrical  activity. 
For  the  ultimate  answer  it  is  necessary  to  analyze  the  macromolecules  in  the 
membrane  and  their  behavior  in  their  interaction  with  small  molecules.  The 
assum]3tion  that  the  permeability  of  a  membrane  may  change  in  a  specific 
way  without  an  active  participation  of  macromolecules  would  be  difficult  to 
reconcile  with  all  the  information  available  today  concerning  the  function  of 
living  cells.  During  the  last  fifteen  years  a  considerable  amount  of  information 
has  accumulated  aljout  the  interaction  of  ACh  with  the  proteins  associated 
with  its  function  and  has  contributed  to  the  understanding  of  the  generation  of 
bioelectrogenesis  on  a  molecular  level.  It  appears  likely  that  some  of  the  main 
advances  in  the  field  in  the  years  to  come  will  result  from  the  further  analysis 
of  the  macromolecules  involved  in  the  permeability  cycle  of  the  conducting 
membrane. 

1.  Mechanism  of  ACh  htjdrohjsi.s  by  ACh-esterase.  ACh-esterase  is  by  far 
the  most  suitable  protein  for  the  analysis  of  the  molecular  forces  acting  be- 
tween ACh  and  the  proteins  associated  with  its  function.  It  is  readily  avail- 
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able  in  a  highly  purified  state;  rai)i(l  and  eonveniont  methods  are  available 
for  measuring  the  activity  of  the  cnzymv;  it  reacts  with  a  wide  variety  of 
substrates  and  inhibitors,  i.e.,  it  is  not  too  specific  and  nevertheless  not  too 
unspecific  for  such  studies.  Detailed  descriptions  of  these  iiivestigalioiis  may 
be  found  in  various  review  articles  (17,  56 j . 

Studies  with  a  great  variety  of  appropriate  substrates  and  inliibitois  have 
revealed  that  the  active  site  of  the  enzyme  is  subdivided  in  two  spatially  and 
functionally  seijaruted  groups,  an  anionic  site  reacting  by  Coulombic  and  Van 
der  Waals'  forces  with  the  quaternary  nitrogen  group,  and  an  esteratic  site, 
forming  a  covalent  bond  with  the  carbon  of  the  carbonyl  group.  It  is  today 
well  established  that  in  the  Michaelis-Menten  complex  formation  this  elec- 


FiG.  9.  Schematic  presentation  of  the  interac- 
tion of  the  active  groups  in  the  surface  of  ACh- 
esterase  and  the  sulistrate  (Michaehs-Menten 
comiilex).  The  O  atom  in  the  active  site  is  that 
of  serine ;  B :  syml)ohzes  a  second  nucleophilic 
group,  presumably  an  imidazol  ring  of  a  histi- 
dine. 
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Fig.  10.  The  two  steps  in  the  liy-  " 
drolytic  process  catalyzed  by  ACh-  E  M/  loj 
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trophilic  carbon  reacts  with  the  nucleophilic  0  atom  of  a  serine  molecule  in 
the  active  site,  present  in  ACh-esterase  as  well  as  in  other  esterases  and 
ester-splitting  enzymes  (57,  58) .  A  tentative  scheme  of  the  forces  acting  in 
the  Michaelis-Menten  complex  formation  is  given  in  Figure  9.  In  addition  to 
the  nucleophilic  0  atom  there  must  be  a  second  nucleophilic  group,  indicated 
in  the  Figure  as  B,  for  accepting  the  proton  released  in  the  process.  It  appears 
likely  that  this  nucleophilic  group  is  the  imidazole  ring  of  a  histidine  (59 j. 
The  hydrolytic  process  takes  place  in  two  steps  (Fig.  10).  In  the  first,  the 
alcohol  (choline)  is  eliminated  by  an  electronic  shift  and  an  acetylated  enzyme 
formed;  in  the  second  step  the  acetylated  enzyme  reacts  with  water  to  form 
acetate  and  restored  enzyme  (60) . 

2.  Organophosphorus  compounds.  The  analysis  of  molecular  forces  acting 
between  ACh  and  the  enzyme  has  provided  pertinent  information  concerning 
the  processes  taking  place  in  the  membranes  of  conducting  cells.  One  illustra- 
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tioii  the  ehiciilation  of  the  mechanism  of  action  of  organophosphorus  com- 
pounds which,  as  mentioned  before,  are  potent  inhibitors  of  ACh-esterase. 
These  compounds  have  long  been  used  as  insecticides.  Some  of  them  are  volatile 
and  were  developed  during  World  War  II  as  the  well  known  "nerve  gases," 
l)0tentially  the  most  powerful  chemical  warfare  agents.  Although  the  organo- 
phosphates  react  with  a  variety  of  ester-splitting  enzymes,  the  fatal  action 
of  these  compounds  must  be  attributed  to  a  block  of  ACh-esterase  in  view  of 
its  vital  function:  they  produce  a  specific  biochemical  lesion. 

Burgen  1 61 1  has  suggested  that  these  compounds  may  block  the  enzyme  by 
phosphorylation,  a  reaction  in  which  the  acidic  group  is  eliminated  and  the 
phosphoryl  group  is  transferred  to  some  polar  group  on  the  enzyme.  This  sug- 
gestion has  been  fidly  confirmed  once  the  hydrolytic  process  was  understood. 
The  nucleophilic  group  which,  as  we  have  seen  before,  is  the  0  atom  of  the 
serine,  attacks  the  P  atom  in  an  8^2  reaction  1 621.  However,  instead  of  an 
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Fig.  11.  Schematic  presentation  of  the  acet- 
ylated  enzyme  (upper  row)  compared  to  the 
phofphorvhited  enzyme  (lower  row). 
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acetylated  enzyme,  the  physiological  intermediary,  a  phosphorylated  enzyme 
is  formed  (Fig.  11).  Whereas  the  acetylated  form  reacts  extremely  fast,  within 
a  fraction  of  a  millisecond,  with  H2O  to  form  acetate  and  restored  enzyme,  the 
phosphorylated  enzyme  does  not  react  with  water  at  all  or  does  so  extremely 
slowly,  requiring  a  period  of  days  or  weeks.  The  enzyme  is  inactivated  and 
death  ensues. 

Once  the  mechanism  of  organophosphate  action  was  understood,  it  seemed 
possible  to  reverse  the  inhibition  by  a  displacement  reaction  in  which  a  nucleo- 
philic group  would  attack  the  P  atom  and  break  the  P-0  bond;  thereby  the 
enzyme  activity  would  be  restored.  Hydroxylamine  is  a  nucleophilic  agent 
which  had  been  shown  by  Hestrin  (63)  to  form  acethydroxamic  acid,  a  reac- 
tion catalyzed  by  the  enzyme;  the  compound  attacks  the  carbon  of  the  car- 
bonyl  group  of  the  acetylated  enzyme.  Hydroxylamine  was  indeed  found  to 
reactivate  the  phosphorylated  enzyme  i64),  although  slowly  and  only  in  high 
concentrations.  ACh  is  a  greatly  superior  substrate  of  ACh  esterase  compared 
to  ethyl  acetate.  The  presence  of  the  quaternary  group  increases  the  force  of 
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hindiiis  by  more  tlian  a  thousandfold.  It  thus  seemed  possible  that  a  f|ua- 
ternary  nitrogen  group  attached  to  a  nucleoi)liilic  groui)  in  a  proper  distance 
might  promote  the  reactivation.  A  series  of  compounds  of  this  type  was  de- 
veloped by  Wilson  and  Ginsburg.  Among  these  compounds  pyridine-2-aldox- 
ime  methiotUde  (PAM)  was  found  to  be  the  most  i)otent  reactivator  of  the 
phosphorylated  ACh-esterase  (65).  A  number  of  similar  compounds  were  de- 
veloped at  about  the  same  time  by  Childs  et  al.  (66).  PA]M  reactivates  many 
organophosphates,  among  them  sarine  and  DFP,  although  others  are  only 
poorly  reactivated  or  not  at  all  (see,  e.g.,  17,  18) . 

If  the  fatal  action  of  organophosphates  on  animals  is  due  to  the  postulated 
specific  biochemical  lesion,  i.e.,  to  the  inhibition  of  ACh-esterase,  PAM 
might  be  an  efficient  antidote.  This  proved  to  be  the  case:  when  PAAI  was 
tested  by  Kewitz  on  animals,  especially  in  combination  with  atropine,  which 
protects  the  receptor  protein,  the  animals  survived  10  to  20-fold  lethal  doses 
of  DFP  (67).  PAM  was  tested  in  Japan  on  a  large  scale  by  Namba  and  Hiraki 
(68)  on  humans  suffering  from  poisoning  by  exposure  to  organophosphorus 
insecticides.  In  that  country  these  insecticides  are  of  vital  importance  for 
protecting  the  rice  crop.  The  success  of  the  treatment  was  striking  and  many 
lives  were  saved.  Today  PAM  is  used  in  insectiside  poisoning  in  many 
countries.  It  has  recently  been  officially  accepted  by  the  Food  and  Drug  Ad- 
ministration. It  has  been  shown  that  in  PAM  treated  animals  ACh-esterase 
is  reactivated,  i.e.,  the  biochemical  lesion  is  repaired  (69.  70). 

The  reactivation  of  ACh-esterase  by  PA]\I  offers  the  possibility  of  a  crucial 
test  of  the  essential  function  of  the  enzyme  in  conduction.  As  wull  be  dis- 
cussed later,  ACh,  PAM  and  other  lipid  insoluble  quaternary  nitrogen 
derivatives  do  not  penetrate  the  structures  surrounding  conducting  membranes. 
Recently,  however,  Dettbarn  and  Davis  (71)  discovered  that  the  conducting 
membranes  of  the  axons  of  the  lobster  walking  leg  are  sensitive  to  ACh  except 
during  a  certain  season.  Therefore,  PA]\I  should  in  this  preparation  also  be 
able  to  penetrate  the  surrounding  structure  and  reactivate  phosphorylated 
ACh-esterase  in  the  membrane.  The  axons  were,  therefore,  exposed  to  Para- 
oxon  until  electrical  activity  was  irreversibly  blocked;  then  the  axons  were 
treated  with  PAM.  Electrical  activity  returned,  whereas  in  the  control  axons, 
washed  with  saline,  the  block  was  irreversible  (72).  We  have  seen  that  organ- 
ophosphates phosphorylate  the  O  atom  in  the  serine  at  the  active  site  of 
ACh-esterase  and  that  this  P-0  bond  is  broken  by  PAM  in  a  highly  specific 
way.  Thus,  formation  of  this  P-0  bond  blocks  electrical  activity,  the  de- 
phosphorylation,  effected  by  a  specific  chemical  reaction,  restores  electrical 
activity. 

3.  The  effect  of  ACh  on  the  receptor.  Another  series  of  experiments  illustrates 
how  the  understanding  of  molecular  forces  acting  in  the  reaction  between 
ACh  and  its  functionally  associated  protein  has  provided  interesting  informa- 
tion concerning  the  events  in  the  permeability  cycle  of  the  conducting  mem- 
brane during  electrical  activity.  The  theory  assumes  that  conformational 
changes  of  the  receptor  protein  in  the  reaction  with  ACh  produce  a  shift  of 
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charge  which  triggers  a  secivience  of  events  leading  to  the  specific  movements 
of  ions.  This  theory  is  in  line  with  the  ideas  discussed  by  Kurt  H.  Meyer 
(23)  and  T.  Teorell  (731. 

The  idea  of  conformational  changes  of  proteins  during  their  reaction  with 
micromolecules  is  today  widely  admitted.  A  classical  example  are  the  strong 
structural  changes  of  haemoglobin  during  its  combination  with  oxygen,  well 
documented  by  x-ray  crystallograiihy  and  kinetic  studies  (74).  A  discussion 
of  the  general  problem  of  conformational  changes  of  enzymes  in  their  active 
state  may  be  found  in  Koshland's  review  (57).  Indirect  evidence  for  confor- 
mational changes  of  the  proteins  of  the  ACh-system  has  been  obtained  with 
three  members,  the  receptor  and  the  tw^o  enzymes,  ACh-esterase  and  choline 
acetylase.  If  the  binding  of  an  ammonium  ion  to  ACh-esterase  is  compared 
with  that  of  the  compounds  in  which  the  protons  of  the  ammonium  ion  are 
successively  replaced  by  methyl  groups,  three  of  the  methyl  groups,  but  not  the 
fourth,  contribute  substantially  to  the  binding.  Since  tetramethyl  ammonium 
has  a  tetrahedral  structure,  i.e.,  a  more  or  less  spheric  shape,  the  fourth 
methyl  group  w^ould  not  be  in  direct  contact  with  the  protein  surface,  but 
would  stick  out  in  solution;  therefore,  it  would  not  contribute  to  the  binding 
by  Van  der  Waals'  forces.  In  contrast,  if  the  hydrolysis  of  ACh  and  its  tertiary 
analogue  are  compared,  the  extra  methyl  group  greatly  promotes  the  enzyme 
activity.  The  rate  of  acetyl  enzyme  formation  is  tenfold  increased  (75).  A 
corresponding  effect  has  been  demonstrated  with  choline  acetylase  (76).  These 
effects  may  best  be  epxlained  by  conformational  change  during  the  reaction 
in  which  the  protein  surface  envelopes  the  fourth  methyl  group.  A  conforma- 
tional change  is  further  suggested  by  studies  of  the  entropy  of  activation 
(AH')  of  the  hydrolytic  process  catalyzed  by  ACh-esterase.  The  entropy  of 
activation  is  very  favorable  in  the  case  of  esters  having  a  quaternary  group 
in  contrast  to  the  unfavorable  entropy  in  the  absence  of  the  extra  methyl 
group  (77). 

The  strong  promotion  of  the  two  enzyme  reactions  by  the  extra  methyl 
group  has  found  a  striking  parallelism  in  experiments  comparing  the  reaction 
of  ACh  and  its  tertiary  analogue  with  the  receptor  on  the  monocellular 
electroplax  preparation  (78).  Dimethylaminoethyl  acetate  is  200  times  less 
potent  than  ACh.  Removal  of  the  second  methyl  group  further  decreases  the 
potency,  but  only  by  a  factor  of  20.  This  latter  difference  may  be  attributed, 
at  least  partly,  to  the  stronger  binding  by  the  second  methyl  group.  But  the 
increase  in  potency  by  a  factor  of  200,  due  to  one  additional  methyl  group, 
would  be  difficult  to  explain  by  Van  der  Waals'  forces.  Binding  is  only  part 
of  the  interaction  between  small  and  large  molecules.  The  assumption  of 
conformational  changes  of  the  protein  during  the  interaction  with  ACh  and 
related  micromolecules  may  possibly  be  tested  with  optical  rotatory  dispersion 
and  related  techniques,  such  as  circular  dichroism,  which  may  permit  one  to 
detect  even  small  conformational  changes  such  as  must  be  assumed  in  these 
interactions.  Such  measurements  are  being  prepared  by  Dr.  S.  Beychok  for 
all  three  proteins  reacting  with  ACh. 
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In  a  recent  i)ai)cr  Ilod^kin  and  liis  associates  (79),  discussin<2;  the  nature 
of  the  ix'rineability  chanj^es,  distinguish  between  two  views:  accoi'dinjj;  to  the 
one,  depohirization  causes  cliarged  i)artich's  or  cai-riei's  to  move  to  new  i)osi- 
tions;  according  to  the  second,  chemical  reactions  are  resi)onsible  I'oi'  the 
permeability  changes.  This  distinction  does  not  present  the  I'eal  difference. 
Shift  of  charge  has  been  the  basic  assumption  of  Meyer's  and  Teorell's 
views  some  thirty  years  ago.  Meyer  attributed  the  sliift  of  charge  to  a  folding 
or  unfolding  of  a  protein;  essentially  the  same  principle  has  been  assumed  by 
tlie  author,  only  modifying  it  by  attributing  the  conformational  change 
specifically  to  the  action  of  ACh  on  the  receptor  as  being  the  molecular 
process  resj)onsible  for  the  permeability  change.  The  question  of  what  kind  of 
charged  particle  is  responsible  is  left  open  by  Hodgkin  et  al.  Although  not 
excluding  a  chemical  reaction,  they  see  a  restriction  for  the  chemical  theory 
in  the  fact  that  in  this  case  the  system  must  be  tightly  bound  to  the  mem- 
brane. Such  an  assumption  does,  however,  not  offer  a  serious  difficulty  in  view 
of  the  experience  with  other  functionally  active  subcellular  structures  in 
which  the  components  are  tightly  bound,  and  the  many  indications  of  the 
structural  organization  of  the  ACh  system  and  its  association  with  the  mem- 
brane. 

Another  statement  of  Hodgkin  and  his  associates  also  requires  clarification. 
They  assume  that  in  the  chemical  theory  the  free  energy  of  ACh  hydrolysis 
plays  an  essential  role.  Actually,  the  hydrolysis  of  ACh  restores  the  original 
barrier,  i.e.,  it  is  the  primary  recovery  process;  it  ends  the  permeability  cycle 
but  does  not  initiate  it.  The  primary  event,  as  pointed  out  before,  is  the  re- 
action of  ACh  with  the  receptor.  The  enthalpy  (AH),  although  not  the  free 
energy  (aF),  of  ACh  hydrolysis  may  contribute  to  the  initial  heat  production 
which  roughly  coincides  with  the  action  potential  and  thus  covers  the  whole 
permeability  cycle.  Although  the  available  data  permit  only  rough  and  tenta- 
tive approximations,  it  seems  that  the  enthalpy  of  ACh  hydrolysis  may  indeed 
contribute  a  few  per  cent  to  the  initial  heat,  as  has  been  discussed  elsewhere 
(22).  However,  ACh  hydrolysis  almost  certainly  forms  only  one  part  of  the 
reactions  which  are  the  source  of  the  initial  heat,  the  enthalpy  of  the 
reaction  of  ACh  with  the  receptor  may  be  another  factor;  breaking  of  hydrogen 
bonds,  release  of  protons,  ion  dilution,  and  other  secondary  reactions  coupled 
with  the  primary  processes  may  all  be  contributary  factors. 

4.  Excitatory  and  inhibitory  effects  oj  ACh.  It  has  long  been  known  that  in 
some  fibers  ACh  depolarizes  and  stimulates,  while  in  others  (for  instance 
heart)  it  hyperpolarizes  and  inhibits  the  membrane.  In  fact,  in  the  Aplysia 
ganglion  two  types  of  cells  have  been  demonstrated  to  exist  side  by  side,  re- 
acting to  ACh  in  opjwsite  ways  (80).  Depolarization  results  from  increased 
Na,  hyperpolarization  from  increased  K  ion  conductance.  This  apparently  op- 
posite effect  finds  its  parallel  in  the  interaction  of  ATP  and  actomyosin :  ATP 
was  first  found  to  be  necessary  for  contraction  but  later  also  for  relaxation. 
Whether  it  acts  in  one  or  in  the  opposite  way  depends  on  the  so-called  relaxing 
factor,  first  described  by  Marsh  (81)  and  Bendall  (82)  and  identified  today 
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witli  calciinu  nu)\('incnts  controlled  liy  the  endoplasmic  reticulum  (83-851. 
Similarly,  whether  ACh  has  a  depolarizing  or  hyperpolarizing  action  probably 
depends  on  secondary  controlling  factors.  The  action  of  ACh  must  be  coujiled 
with  additional  reactions  taking  place  simultaneously  or  subsequently  as  all 
cellular  reactions.  There  is,  for  instance,  some  indirect  indication  that  Ca 
ions  may  be  closely  associated  with  the  ACh  system.  Ca  ions  strongly  react 
with  anionic  polyelectrolytes  [Katchalsky  1 86 1].  Release  of  Ca  ions  may  lead 
to  rearrangements  of  polyelectrolytes  reciuired  for  the  acceleration  of  Xa 
and  K  ion  movements.  While  such  effects  appear  possible,  they  are  at  present 
speculations.  The  available  data  do  not  i)ermit  an  answer  to  the  question 
whether  Ca  ions  play  a  crucial  role  in  the  permeability  changes  and  still  less 
what  the  mechanism  of  this  action  may  be.  In  any  event,  the  participation  of 
Ca  ions  does  not  remove  the  necessity  of  a  specific  and  reversible  chemical 
trigger  action  such  as  postulated  and  documented  for  the  ACh  system. 

E.  .■SIMILARITY  OF  THE  ROLE  OF  ACH  I\  AXOXAL  COXDUCTIOX  AXD 
SYXAPTIC  TRAA'SMLSSIOX 

Only  a  few  years  ago  the  view  was  expressed  ( 17 1  tliat  the  evidence  in  favor 
of  the  action  of  ACh  controlling  the  permeability  changes  in  conducting  mem- 
branes during  activity  was  conclusive;  but  although  a  similar  function  of  ACh 
in  the  pre-  and  postsynaptic  membranes  of  the  junction  appeared  likely,  in  this 
case  the  postulated  role  was  admittedly  based  on  indirect  evidence  and  on 
analogy,  and  therefore  less  conclusive.  The  developments  of  the  last  three 
years  have  drastically  changed  the  situation.  Crucial  and  direct  evidence  has 
been  obtained  which  supports  the  unified  concept  and  contradicts  the  idea 
of  an  iVifercellular  role  of  ACh  between  two  cells  at  the  junction.  The  new 
data  clearly  indicate  that  the  function  of  the  ACh  system  is  essentially  similar 
at  the  junction  to  that  in  the  conducting  membrane. 

The  assumption  of  neurohumoral  transmission  was  essentially  based  on  three 
sets  of  observations.  1)  ACh  and  curare  have  a  very  powerful  action  on  the 
junction.  In  contrast,  they  fail  to  affect  axonal  conduction  even  when  applied 
in  high  concentrations.  2)  ACh  appears  in  the  perfusion  fluid  following  nerve 
stimulation.  3)  When  the  nerve  fibers  are  sectioned  and  the  endings  have 
degenerated,  no  ACh  is  detectable  in  the  perfusion  fluid,  if  the  muscle  is 
directly  stimulated;  thus,  the  ACh  found  in  the  perfusion  fluid  must  have 
been  secreted  from  the  nerve  terminal.  These  three  lines  of  o!)servations  were 
accepted  as  a  conclusive  evidence  for  the  hypothesis;  all  three  have  found 
explanations  supporting  the  unified  concept. 

1.  Action  of  ACh  and  curare  on  the  axonal  membrane.  Curare  and  ACh  are 
quaternary  nitrogen  derivatives  and  insoluble  in  lipids.  The  conducting  axonal 
membranes,  in  contrast  to  those  at  synaptic  junctions,  are  surrounded  by  struc- 
tures rich  in  lipid  material  which  form  a  permeability  barrier  preventing  lipid 
insoluble  compounds  from  reaching  the  membrane  and  acting  on  the  ex- 
citable mechanism.  This  explanation  of  the  failure  of  ACh  and  curare  to  act 
on  the  conducting  membrane  was  supported  by  experiments  on  the  squid  giant 
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axon.  On  ('X]iosurc  of  the  axons  to  noostisniine  or  N'"  labeled  ACh  it  was  found 
that  the  coinijounds  did  not  penetrate  into  the  interior  of  the  axon  in  contrast 
to  lipid  soluhh'  tei'tiary  niti()fj;en  dei-i\-atives  (34,  87).  Ilowevei',  recently  actions 
of  ACh  and  cui'are  on  the  electrical  activity  of  axons  have  been  obtained,  as 
postulated  by  theory,  in  two  different  ways:  cither  sfjecial  jirepai-ations  were 
used  wliei'e  the  bari'iers  are  weak,  or  axons  were  chemically  pi'eti'cated  in 
ordei'  to  re(hice  the  barrier. 


Fig.  12.  Longitudinal  section  of  a  Ranvier  node  fixed  in  permanganate.  The  unmyelinated 
nodal  region  is  characterized  by  a  collar  of  minute  processes  (pr)  of  the  two  Schwann  cells 
meeting  at  the  node.  Magnification:  X  16000  [from  Robertson  (8)]. 

In  his  famous  experiments  Claude  Bernard  applied  curare  to  the  frog  sciatic 
nerve  formed,  as  mentioned  before,  by  several  thousand  myelinated  axons 
surrounded  by  a  large  amount  of  connective  tissue,  fat  and  a  sheath.  Obviously, 
the  compound  will  not  be  able  to  penetrate  all  these  barriers,  in  contrast  to 
the  situation  at  the  junction,  where  the  membranes  are  poorly  (or  not  at  all) 
protected.  However,  electron  microscopy  has  revealed  that  at  the  Ranvier  node 
the  axons  are  poorly  protected,  although  even  there  is  still  a  thin  structure 
covering  the  conducting  membrane  (Fig.  12),  (8).  Dissecting  one  single  fiber 
from  the  frog  sciatic  nerve  and  applying  curare  to  a  single  Ranvier  node, 
Dettbarn  (88)  obtained  rapid  and  reversible  block  of  electrical  activity  of 
this  axon  in  a  similar  way  as  is  known  for  the  neuromuscular  junction.  Thus, 
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the  claim  has  been  sul)stantiated  that  the  failure  of  curare  to  block  axonal 
conduction  is  due  to  structural  barriers  protecting  the  conducting  membrane 
in  the  axon.  The  removal  of  these  barriers  exposes  the  excitable  mechanism  of 
the  membrane  to  the  action  of  curare. 

A  direct  effect  of  ACh  on  the  electrical  activity  of  tlu'  axonal  membrane 
has  been  demonstrated  by  Dettbarn  and  Davis  (71,  89).  The  axons  in  the 
fibers  of  the  walking  leg  of  lobsters  are  apparently  relatively  poorly  protected, 
as  suggested  by  electron  microscope  examination.  When  applied  to  the  whole 
bundle  of  fibers,  formed  probably  by  more  than  1000  axons,  ACh  depolarizes 
the  fiber  and  blocks  electrical  activity.  The  effect  is  readily  reversible.  De- 
camethonium  and  succinylcholine  also  block  reversibly  axonal  conduction  of 
these  axons  (90)  ;  curare  was  also  effective  when  the  high  Ca  ion  concentration 
of  sea  water  was  reduced  and  Mg  ions  were  omitted.  The  strength  of  these 
effects  seem  to  be  subject  to  seasonal  variations. 

A  direct  effect  of  ACh  was  also  observed  by  Armett  and  Ritchie  (91 1  on  the 
desheathed  vagus  nerve  fibers  of  rabbit,  but  the  authors  comi)letcly  failed  to 
recognize  the  significance  of  their  observation.  They  consider  it  to  be  a  i)urely 
pharmacological  effect  without  any  physiological  significance  (92)  because 
physostigmine,  at  low  concentrations,  antagonizes  this  effect  instead  of  po- 
tentiating it,  as  it  does  at  the  junction.  This  antagonistic  effect  has  been 
fully  explained  by  experiments  of  Hoskin  and  Rosenberg  (93)  in  which  they 
showed  that  these  two  structurally  related  positively  charged  comi)ounds 
compete  for  the  pathways  by  reacting  with  negatively  charged  components 
in  the  surrounding  structure  and  that,  therefore,  in  the  presence  of  physostig- 
mine, less  ACh  penetrates  into  the  interior.  No  such  competition  is  observed 
at  the  junction  due  to  the  absence  of  the  external  structure. 

The  demonstration  of  an  action  of  ACh  and  curare  and  related  compounds 
on  axonal  conducting  membranes  has  also  been  achieved  by  chemical  pre- 
treatment  by  which  the  barriers  have  been  reduced.  Walsh  and  Deal  (94) 
exposed  desheathed  bundles  of  frog  sciatic  nerve  fibers  to  a  detergent,  cetyl- 
trimethylammonium  bromide.  After  the  pretreatment  and  the  removal  of  the 
detergent,  curare,  ACh  and  neostigmine  reversibly  blocked  electrical  activity. 

Another  chemical  pretreatment  for  reducing  the  barriers  was  applied  by 
Rosenberg  and  his  associates.  Snake  venoms  had  long  been  assumed  to  increase 
the  permeability  of  cell  walls  (95).  Among  a  variety  of  snake  venoms  tested 
that  of  cottonmouth  moccasin  venom  was  found  to  be  the  most  effective:  after 
pretreatment  of  squid  giant  axons  with  a  few  micrograms  of  venom  per  ml 
for  15  to  20  minutes  and  after  removal  of  the  venom,  ACh  and  curare  rapidly 
and  reversibly  blocked  axonal  electrical  activity  (96).  Phospholipase  A  ap- 
pears essential  for  this  action  (97) .  Increased  permeability  is  the  factor  re- 
sponsible for  rendering  the  axon  sensitive  to  ACh  and  curare.  This  has  been 
demonstrated  by  the  following  experiments.  Squid  axons  were  exposed  to  ACh 
and  curare  labeled  with  radioactive  carbon;  while  radioactivity  was  hardly 
detectable  in  the  extruded  axoplasm  of  normal  fibers,  significant  amounts  of 
radioactivity  were  found  in  the  axoplasm  of  pretreated  axons.  In  contrast,  very 


BIOELECTRIC  CURRENTS  IN  MEMBRANES 


573 


high  concentrations  of  another  venom,  that  of  the  rattlesnake,  whicli  failed  to 
render  the  axons  sensitive  to  curare  and  ACh,  did  not  increase  the  penetration 
of  these  compounds  (Fig.  13 1,  (98).  In  confirmation  of  |)revious  observations 
a  lipid  soluble  tertiary  amine  rapidly  enters  into  the  ax()])lasm  even  witliont 
pretreatment. 

These  developments  have  shown  that  the  action  of  curare  and  ACh  on  the 
excitable  mechanism  of  the  membrane  of  conducting  cells  are  not  limited  to 
the  junction  but  may  be  obtained  on  the  axonal  membrane  provided  the  sur- 


FiG.  13.  Penetration  of  radioac- 
tivflu  (C")  hthelrr!  ACh.  choline, 
ch  in  l  i  h  i/li-ii  I  II  r<  iiinl  I  n  iii  i  I  li  i/kim- 
iiii  mill  /III  ii.viiiihis.iii  iij  .-^iiiiiil  giant 
oxiiii.  in  III  mill  without  exposure  to 
coll  nil  iiiiiii  I  h  moccasin  venom.  The 
pei'centage  indicates  the  radioactiv- 
ity of  the  axopla.sm  compared  to 
that  in  the  outside  fluid.  The  figures 
below  the  cokmins  indicate  the  /xg 
of  \-enom/ml.  In  contrast  to  the 
moccasin  venom  that  of  the  rattle- 
snake (R.S.),  even  in  1000  ixg/uA. 
had  no  significant  effect  on  the  pen- 
etration of  dimethylcurare.  Tri- 
methylamine  readily  penetrates 
with  and  without  exposure  to 
venom  [according  to  data  of  P. 
Rosenberg  and  F.  C.  G.  Hoskin 
(98)]. 
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rounding  structural  barriers  are  sufficiently  pervious  to  lipid  soluble  com- 
pounds or  are  reduced  by  proper  chemical  treatment. 

The  concentration  of  ACh  and  curare  are  higher  than  those  required  at  the 
junctions.  This  is  readily  accounted  for  by  the  presence  of  remaining  barriers 
surrounding  the  conducting  membrane  even  under  the  best  experimental  con- 
ditions. The  effects  observed  must  be  viewed  in  association  with  the  huge 
amount  of  evidence  in  favor  of  the  presence  of  the  ACh  system  and  its  essen- 
tial role  in  the  permeability  cycle  of  conducting  membranes.  It  is  pertinent 
that  the  effects  postulated  by  theory,  depolarization  and  increased  permeabil- 
ity, have  been  demonstrated  in  several  ways  even  if  for  quite  obvious  reasons 
the  concentrations  required  are  higher  than  those  at  the  junction. 

2.  Extracellular  appearance  of  ACh.  The  second  line  of  evidence  for  the 
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lu'uroluiiiioral  transinittci'  hypothesis  was  based  on  tlic  aiiix'aranoc  of  ACh  in 
the  perfusion  fiuid  of  junetions  foHowing  the  stinuUation  of  nerve  fibers. 
However,  as  was  stressed  time  and  again  by  Dale  and  his  associates,  ACh 
appears  only  when  physostigmine  is  present  in  the  perfusion  fluid;  not  a  trace 
is  found  in  its  absence.  Since  physostigmine  is  a  potent  and  competitive  in- 
hibitor of  ACh-esterase  and  since  the  ACh  released  under  i)hysiological  con- 
ditions is  rapidly  hydrolyzed  in  milliseconds,  block  of  this  physiological 
mechanism  must  of  necessity  lead  to  leakage  of  ACh  from  the  membrane  of  the 
junction  and  thus  to  its  apjiearance  in  the  perfusion  fluid.  In  view  of  the  many 
indications  that  the  ACh  system  is  structurally  organized  and  its  function 
associated  with  the  membrane,  one  would  expect  that  under  physiological  con- 
ditions not  a  trace  would  leak  out  of  the  cell.  Thus,  the  leakage  after  gross 
interference  with  the  physiological  enzyme  activity  must  be  considered  as 
an  artifact.  Loewi's  "vagusstoff"  appeared  without  added  physostigmine; 
this  experiment  is,  how-ever,  not  rei)roducible.  Ascher's  claim  (99) ,  that  the 
vagusstoff  appears  in  the  perfusion  fluid  only  when  the  heart  preparation 
(and,  therefore,  also  the  membranes)  has  severely  deteriorated,  seems  to  be 
correct.  It  may  be  mentioned  that  when  axons  are  cut  and  stimulated,  ACh 
also  leaks  from  the  cut  surface  where  the  barrier  is  now  absent  (100,  101) . 

The  neurohumoral  transmitter  hypothesis  postulates  that  the  nerve  terminal 
secretes  ACh.  In  spite  of  the  fact  that  this  hypothesis  has  been  so  forcefully 
promoted  for  several  decades,  this  crucial  postulate  has  hardly  been  sub- 
jected to  vigorous  examination.  In  experiments  by  Dale  and  his  associates 

(102)  motor  nerves  of  cat  and  dog  muscles  were  sectioned;  when  after  the 
degeneration  of  the  nerve  endings  the  muscles  were  stimulated  directly,  no 
ACh  was  detetced  in  the  perfusate.  In  contradiction  to  these  findings  Mc- 
Intyre  and  his  associates  found  ACh  in  the  pei-fusion  fluid  after  complete 
degeneration  of  nerve  terminals  when  fibrillations  of  the  muscle  took  place 

(103)  .  In  further  extensive  studies  Mclntyre  found  several  factors  which  may 
account  for  the  failure  of  the  earlier  observations  to  detect  ACh  in  the  per- 
fusate (104). 

Recently  the  results  of  Mclntyre  found  a  striking  confirmation  by  the 
observations  of  Hayes  and  Riker  (105).  Ten  days  after  section  of  the  phrenic 
nerve  of  one  hemidiaphragm  of  rats  the  release  by  the  completely  denervated 
muscle  was  identical  to  that  by  the  innervated  hemidiaphragm.  Thus,  most 
of  the  ACh  in  the  perfusate  is  released  from  the  postsynajjtic  membrane  and 
not  from  the  nerve  terminal.  Clearly,  these  data  are  incompatible  with  the 
idea  of  neurohumoral  transmission. 

3.  Localization  of  the  ACh  system  at  the  junction.  The  unified  concept  post- 
ulating a  role  or  ACh  in  the  permeability  changes  of  synaptic  and  axonal 
membranes  requires  a  localization  of  ACh-esterase  in  both  pre-  and  post- 
synaptic membranes.  Biochemical  data  obtained  with  a  variety  of  muscle 
and  nerve  tissue  preparation  following  sections  of  nerve  fibers  showed  invari- 
ably a  decrease  of  ACh-esterase  activity  in  the  synaptic  region,  roughly  coin- 
ciding with  the  period  of  degeneration  of  the  nerve  terminals;  then  the  re- 
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niaining  enzyme  concentration  did  not  change  (24,  25,  106 1.  The  data  suggest 
a  high  concentration  of  the  enzyme  in  nerve  terminals.  A  (lire(;t  demonstration 
with  liistochemiral  techniques  was  difficult  in  view  of  the  limitation  of  the 
resolving  power  of  the  light  microscope.  The  recent  results  of  Barrnctt  (27), 
mentioned  before,  have  demonstrated  in  a  striking  way  that  cholinesterase  is 
localized  in  the  two  membranes  of  the  junction,  in  the  one  covering  the 
terminal  and  in  the  postsynaptic  membrane.  There  was  still  some  unexplained 
staining  in  the  clefts  that  may  be  due  to  diffusion  of  products  or  to  another 
type  of  esterase.  Barrnett's  data  are  of  cmcial  importance  for  the  clarification 
of  the  precise  role  of  ACh  at  the  neuromuscular  junction.  They  are  the  first 
direct  demonstration  of  the  localization  in  the  membrane  and  show  the  presence 
of  the  enzyme  in  both  membranes  as  postulated  by  the  unified  concept. 

The  functional  significance  of  this  enzyme  on  both  sides  of  the  junction 
has  been  demonstrated  by  the  work  of  many  investigators.  In  1940,  Masland 
and  Wigton  1 107)  found  that  neostigmine  applied  to  the  neuromuscular  junc- 
tion produces  rapid  discharges  in  the  ventral  motor  roots  in  addition  to  its 
action  on  the  muscle.  Curare  abolishes  both  effects.  The  authors  fully  recog- 
nized that  their  data  are  incon^ijiatible  with  the  assumption  of  an  action  of 
ACh  being  limited  to  the  postsynaptic  membrane.  In  recent  years  the  results 
were  confirmed  and  greatly  extended  by  Riker  and  his  associates  (108),  and 
others.  It  is  today  well  established  that  curare,  ACh,  neostigmine  and  related 
compounds  act  on  the  membrane  of  the  nerve  terminal  in  the  same  way  as  on 
the  postsynaptic  membrane  [for  a  recent  summary  see  Werner  and  Kuperraan 
(109)].  Obviously,  these  compounds  act  on  comparable  macromolecules  in 
both  membranes  associated  with  the  permeability  changes  responsible  for 
electrical  activity.  The  system  is  not  only  present  but  functionally  essential 
for  the  excitable  mechanism.  Curare  blocks  the  nerve  terminal  in  even  lower 
concentrations  than  the  postsynaptic  membrane. 

The  role  of  ACh  in  synaptic  transmission  may  then  be  pictured  in  the  same 
way  as  in  axonal  conduction:  when  the  currents  reach  the  nerve  terminal,  ACh  is 
released  in  the  presynaptic  membrane  and  acts  there  on  the  receptor ;  the  mem- 
brane is  depolarized,  Na  ions  enter,  K  ions  move  out  into  the  synaptic  gap. 
These  ion  movements,  or  the  resulting  currents,  will  cross  the  gap  and  release 
ACh  in  the  postsynaptic  membrane  which  then  acts  on  the  receptor  and  gen- 
erates the  postsynaptic  potential.  This  leads  to  an  excitation  of  the  effector 
cell,  nerve  or  muscle.  Injection  of  K  ions  into  the  neuromuscular  junction  is 
known  to  produce  a  twitch,  indicating  that  these  ions  apparently  are  capable 
of  releasing  ACh  in  the  membrane  from  its  bound  form;  a  direct  action  of  K 
ions  would  be  hard  to  reconcile  with  the  type  of  transitory  effect  observed. 

F.  CHEMICAL  REACTIONS  AND  THEIR  RELATION  TO  STRUCTURE, 
ORGANIZATION  AND  FUNCTION 

Like  all  biological  phenomena,  axonal  conduction  and  synaptic  transmission 
are  highly  complex  processes  involving  an  interplay  of  a  variety  of  chemical 
reactions  and  physical  changes.  Strong  evidence  has  accumulated  in  support 
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of  the  A-ic\v  that  i\\v  ACh  system  is  essential  for  controlling  the  permeal)ility 
changes  of  the  two  synaptic  membranes  and  in  those  of  nerve  and  muscle  fi- 
bers. The  idea  of  the  role  of  ACh  at  synaptic  junctions  being  fundamentally 
different  from  that  in  the  conducting  membrane  has  become  untenable.  The 
system  is  localized  and  functional  in  the  pre-  and  postsynai:)tic  membranes. 
The  assumption  of  a  secretion  of  ACh  from  the  nerve  terminal  and  acting  as 
a  neurohumoral  transmitter  has  been  contradicted. 

The  fundamental  similarity  of  the  role  of  ACh  in  the  synaptic  and  conduct- 
ing meml)ranes  will  not  appear  surprising  to  the  biochemist,  accustomed  to 
think  in  terms  of  the  biochemical  unity  of  life.  Nature  has  shown  very  little 
imagination  as  far  as  the  chemical  and  physicochemical  forces  acting  in  cellu- 
lar functions  are  concerned.  The  energy  released  by  the  hydrolysis  of  ATP  is 
used  for  a  wide  variety  of  biosynthetic  reactions;  it  is  used  in  combination 
with  actin  and  myosin  for  motility  throughout  the  animal  kingdom.  The 
citric  acid  cycle  is  widely  used  in  low  and  primitive  as  well  as  in  higldy  de- 
veloped and  differentiated  cells.  A  great  number  of  examples  of  this  kind  could 
be  quoted.  They  emphasize  how  rare  and  relatively  small  the  modifications  of 
chemical  forces  are  which  have  taken  place  in  the  course  of  evolution. 

Nature  has,  however,  developed  a  nearly  unlimited  number  of  variations  of 
structure  and  organization  whereby  the  effects  of  special  chemical  reactions 
may  be  greatly  modified  and  adjusted  to  the  functional  requirements  of  the 
cell.  Much  insight  has  been  obtained  during  the  last  decade  about  the  structure 
and  organization  in  relation  to  function  on  cellular,  subcellular  and  molecular 
levels,  a  development  greatly  stimulated  by  the  extraordinary  advances  of 
instrumentation  and  methods. 

In  the  classical  era  of  enzymology,  some  fifteen  to  twenty  years  ago,  the 
chief  aim  of  enzyme  chemists  was  the  preparation  of  an  enzyme  in  a  pure  or 
highly  purified  form  and  to  study  its  specificity,  its  kinetics,  and  its  associa- 
tion with  other  chemical  reactions.  In  the  last  decade,  biochemists  have  be- 
come increasingly  interested  in  the  secondary  and  tertiary  structure  of  pro- 
teins, nucleic  acids  and  other  macromolecules,  in  the  active  sites  of  enzymes 
and  their  conformational  changes  during  the  active  state.  Structure  and  organ- 
ization of  macromolecules  in  relation  to  function  has  become  one  of  the  most 
actively  studied  topics  in  a  field  widely  referred  to  as  molecular  biology. 

Many  enzyme  catalyzed  reactions  are  structurally  organized  within  the  cell. 
The  fascinating  advances  in  the  field  of  genetics  and  the  role  of  nucleic  acids 
in  protein  synthesis  are  providing  much  insight  into  the  role  of  organization 
of  cellular  mechanism.  An  illuminating  example  of  structural  organization  of 
enzymes  is  the  oxidative  system  as  has  become  apparent  mainly  from  the  work 
of  David  E.  Green  and  his  associates:  the  electron  transfer  system  is  a  mosaic 
of  many  enzymes  organized  in  the  cristae  of  mitochondriae  and  linked  struc- 
turally and  functionally  in  a  precise  pattern  (110). 

The  understanding  of  structure  and  organization  of  chemical  systems 
within  subcellular  units  may  help  to  bridge  the  gap  between  test  tube  reactions 
and  cellular  function.  This  is  well  illustrated  by  the  striking  advances 
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achieved  in  tlie  iin(l('rstan(lin<!;  of  the  elementary  process  of  muscular  contrac- 
tion: the  successful  (■()mi)ination  of  electi'on  mici'oscopy,  optical  methods  and 
biochemical  studies  lias  revealed  the  slidin};  mechanism  of  the  actin  and  myosin 
fil)rils  (54).  On  the  other  hand,  it  appears  likely  that  the  many  differences 
between  the  different  types  of  contractile  fibers  are  not  due  to  a  basic  differ- 
ence of  interaction  between  ATP,  actin  and  myosin,  but  to  (hlferences  of 
structure  and  organization. 

In  the  case  of  the  plasma  membrane  of  conducting  cells  infoi'mation  al^out 
structural  organization  is  still  (luite  restricted,  partly  due  to  the  small  dimen- 
sions of  the  membrane  for  which  the  resolving  power  of  jiresent  electron  micro- 
scopes may  not  yet  be  fully  adequate.  But  it  is  well  known  that  the  gross 
structure  and  organization  of  axons  show  great  differences  of  dimeters,  which 
may  vary  from  1  to  1000  fx.,  of  relationships  of  the  inner  to  the  total  diameter, 
of  presence  or  absence  of  Ranvier  nodes,  etc.  (Fig.  14),  (111).  Correspond- 
ingly, physical  parameters,  such  as  heat  production,  speed  of  conduction,  and 
others,  also  vary  considerably.  The  speed  of  conduction,  for  instance,  may 
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Fi(!.  14.  Diognnn  ilhixlmliiig 
struct  II  rid  ililh  n  ik-cs  between  aj;o((.s- 
irilli  II  xifinhir  i  innluction  velocity. 
Magnifirai  Kill  of  tlif^  two  axons  on 
the  rijilit  siilc  is  10  fold  greater  than 
those  on  the  left  side  [from  A.  v. 
Muralt  (111)1. 
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vary  from  0.1  to  100  m  per  second.  We  have  seen  that  the  concentrations  of 
ACh-esterase  and  of  choline  acetylase  in  different  axons  vary  over  a  wide 
range.  Nobody  has  suggested  a  difference  of  the  fundamental  mechanism  un- 
derlying electrical  events  in  axonal  conduction  on  the  basis  of  differences  of 
these  parameters. 

The  structural  variations  at  the  junction  between  nerve  and  nerve  and  nerve 
and  muscle  (telodendria,  dendrites,  etc.)  are  of  a  completely  different  dimen- 
sion and  nearly  infinite  in  number.  The  tremendous  increase  in  surface  area 
by  the  endarborization  of  the  nerve  terminal  and  by  the  deep  folds  of  the 
postsynaptic  membrane  surrounding  the  terminals  at  the  neuromuscidar  junc- 
tion, or  by  some  of  the  dendritic  formations,  for  instance,  must  have  a  big 
influence  on  the  various  physical  parameters,  even  if  the  underlying  molecular 
events  in  the  membranes  are  similar.  We  cannot  decide,  at  present,  to  what 
extent  the  underlying  chemical  reactions  are  similar  except  for  the  role  of  the 
ACh  system  since  this  is  the  only  one  intensively  investigated  and  where  a 
large  amount  of  information  has  accumulated;  but  even  in  this  case,  as  pointed 
out  before,  reniain  many  gaps  as  to  the  precise  mechanism.  It  is  obvious,  how- 
ever, that  the  extensive  variations  of  shape,  form  and  structure  of  the  mem- 
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branes  must  have  a  very  great  impact  on  the  functional  effects  resulting  from 
a  chemical  reaction  such  as  that  postulated  for  ACh:  the  effect  of  a  change 
of  ionic  permeability  in  a  membrane  having  the  shape  of  a  simple  cylinder 
such  as  the  axonal  membrane,  may  differ  greatly  from  that  of  the  same  chemi- 
cal reaction  taking  place  in  a  membrane  with  a  highly  complex  shape.  It  is, 
therefore,  not  surprising  that  the  physical  parameters  observed  during  ac- 
tivity show  not  only  similarities  but  also  various  modifications.  But  this  does 
not  entitle  us,  as  has  been  done  so  frequently  in  the  past,  to  postulate  a 
basically  different  mechanism  underlying  tlie  ])crmeability  changes  in  the 
membranes  which  must  take  place  during  activity,  or  to  attribute  to  a  chemi- 
cal reaction  two  different  functions. 

Whether  the  great  differences  in  structure  at  junctions  are  entirely  responsi- 
ble for  the  modifications  of  the  electrical  characteristics,  for  instance  the  in- 
ability of  the  postsnyaptic  meml;)rane  to  propagate  the  impulse  and  to  reverse 
the  charge  observed  in  the  axonal  membrane  (the  so-called  "overshoot")  or 
whether  there  are  additional  chemical  forces  contributing  to  this  difference, 
is  at  present  a  moot  question  since  no  information  is  available.  In  a  membrane 
of  100  A  thickness  thei'e  is  ample  space  for  a  variety  of  chemical  reactions. 
If  the  effect  of  the  iiostuhited  conformational  change  of  the  receptor  protein  is 
assumed  to  be  a  shift  of  charge,  such  a  reaction  may  not  be  specific  and  may 
require  additional  chemical  forces  entering  into  the  ]iicture  in  several  ways. 
Additional  regulatory  systems  may  be  present  in  some  of  these  membranes  and 
absent  in  others. 

The  classical  methods  of  physiology  and  pharmacology  are  still  of  great 
importance  for  obtaining  valuable  information  about  many  aspects  of  the 
function  of  the  nervous  system.  But  they  are  not  adequate  to  provide  answers 
to  the  many  specific  problems  which  must  be  solved  if  we  want  to  understand 
the  chemical  and  molecular  processes  in  the  conducting  membrane  during  ac- 
tivity. The  analysis  of  the  molecular  forces  acting  in  the  membrane,  of  the 
macromolecules,  phospholipids,  polyelectrolytes,  etc.,  the  effects  of  structure  and 
organization  on  these  forces,  all  these  studies  must  in  the  future  be  intensified 
on  the  lines  frequently  referred  to  in  this  paper.  They  offer  the  best  promise 
to  obtain  eventually  a  comprehensive  picture  of  the  mechanism  of  the  gen- 
eration and  propagation  of  bioelectric  currents,  nature's  way  of  carrying 
messages. 
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CASE  NO.  244 

A  63  year  old  female  was  admitted  to  the  hosjiital  because  of  shortness  of 
breath.  The  patient  hatl  been  under  an  emotional  strain  for  some  time,  de- 
tails of  which  were  not  well  documented.  On  the  day  of  admission  she  developed 


Case  244,  Fig.  L  Anteroposterior  view  of  the  right  knee  shows  calcifications  uni- 
formly distributed  in  the  articular  cartilages.  The  bones  are  normal. 

progressive  shortness  of  breath  and  tightness  in  the  chest  without  frank  chest 
pain.  Past  history  revealed  no  serious  medical  illnesses.  She  had  complained 
of  pain  in  both  knees  from  time  to  time,  and  recent  pain  in  the  left  shoulder 
was  attributed  to  bursitis.  No  history  of  trauma  was  elicited. 

From  the  Department  of  Radiology,  The  Mount  Sinai  Ho.spitaI,  New  York,  N.Y. 
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On  admission,  i)hysioal  examination  r(>vc>aled  a  few  fine  dry  rales  at  both 
bases  but  otherwise  there  were  no  positive  findings.  Temperature  was  101°. 
ECG  revealed  no  abnormality.  Initial  laboratory  studies  revealed  hemoglobin 
16  Gm,  hematocrit  45,  white  blood  count  15,000  with  moderate  left  shift  and 


Case  244,  Fig.  2.  Anteroposterior  view  of  the  left  shoulder  shows  calcifications  in 
the  articular  cartilage  paralleling  the  humeral  head.  The  bones  are  normal.  No  para- 
articular or  soft  tissue  calcifications  are  present. 

urinalysis  entirely  normal.  Other  studies  included  blood  urea  nitrogen  17.5 
mg%,  uric  acid  10  mg%  and  12.8  mg%,  calcium  5.5  mEq/L,  alkaline  phospha- 
tase 4.5  Bodansky  units,  latex  fixation  negative  and  C-reactive  protein  3  plus. 
On  repeat  blood  count  five  days  after  admission  the  hemoglobin  was  14  Gm  and 
white  blood  count  9,000  with  normal  differential. 

Radiographic  examination  of  the  chest  showed  a  few  densities  at  both  bases 
suggesting  multiple  foci  of  bronchoi)neumonia  or  possibly  pulmonary  emboliza- 
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tion.  Radiographic  examination  of  the  knees  and  left  shoulder  were  performed 
followed  by  examination  of  the  remainder  of  the  extremities  and  pelvis.  (A 
total  survey  of  the  bones  was  not  performed.)  All  of  the  visualized  joints  re- 
vealed thin  linear  and  mottled  calcifications  in  the  articular  cartilages  char- 
acteristic of  chondrocalcinosis  (Figs.  1,  2  and  3) . 

The  patient  became  afebrile  on  antibiotic  therapy.  Repeat  chest  x-ray  re- 
vealed a  changing  jucture  of  the  basilar  densities  tending  to  support  a  diagno- 
sis of  pulmonary  embolization.  The  patient's  mental  status  was  poor  during 


Case  244,  Fig.  3.  Anteroposterior  view  of  the  pelvis  shows  calcifications  in  the  car- 
tilagenous  disc  at  the  pubic  symphysis. 


hospitalization  and  deteriorated  into  a  frank  paranoid  reaction  which  necessi- 
tated transfer  to  another  institution.  No  follow-up  information  is  available. 

DISCUSSION 

Chondrocalcinosis  is  a  chronic  disease  of  joints  characterized  radiographi- 
cally  by  calcification  in  and  around  joints.  Although  only  a  limited  number 
of  case  reports  have  appeared  in  the  literature,  the  entity  is  not  rare  and  is 
now  being  recognized  with  more  frequency.  Clinically,  patients  experience 
intermittent  attacks  of  joint  pain  often  associated  with  synovial  reaction.  Be- 
cause of  the  similarity  to  gout  in  this  regard,  the  term  "pseudogout"  has  been 
used  (1) ;  this  terminology  is  not  helpful  and  should  be  abandoned.  The  dis- 
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ease  is  of  unknown  etiology,  has  no  sex  predilection  and  appears  to  be  heredi- 
tary in  many  cases. 

The  definiti\'('  hd)oratory  ihidin^  is  the  presence  of  calciuiu  pyi'()|)li()si)li;ite 
crystals  in  synovial  fluid.  The  apjicaranci'  of  the  crystals  allows  a  presumptive 
diagnosis  on  direct  smear,  but  this  should  be  confirmed  with  x-ray  diffraction 
studies.  Serum  uric  acid  levels  are  sometimes  elevated  as  in  the  case  reported 
here  (2,  3),  but  other  routine  laboratory  tests  are  within  normal  limits. 

The  charactei'istic  radiographic  finding  is  generalized  calcification  of  articu- 
lar cartilage.  The  calcium  is  usually  deposited  in  an  orderly  fashion  in  botli 
fibrous  and  hyaline  cartilage  (4).  Para-articular  calcifications  do  occur  (3) 
and  hypertrophic  and  degenerative  joint  changes  often  supervene  as  well. 
Eventually  articular  cartilage  is  destroyed,  the  calcification  becomes  dis- 
organized and  less  obvious,  and  the  radiographic  jMcture  becomes  mixed  and 
nonsjiecific  (4).  In  the  differential  diagnosis  hyperparathyroidism  should  be 
excluded  by  ajiproju-iate  laboratory  studies,  since  articular  calcifications  may 
occur  in  hyi)erparathyroidism  entirely  similar  to  those  seen  in  chondrocalcino- 
sis. 

Case  Report:  Chondrocalcinosis 
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CASE  NO.  245 

A  72  year  old  woman  noted  a  large  lump  in  the  central  portion  of  the  left 
breast.  It  did  not  change  in  size  over  a  one-month  period  of  self-observation. 
There  had  been  no  trauma,  the  breast  was  not  painful,  and  there  was  no  drain- 
age from  the  nipple.  There  was  no  past  history  of  breast  disease  and  general 
health  had  been  good  except  for  moderate  hypertension.  Physical  examination 
confirmed  a  peach-sized  mass  in  the  central  portion  of  the  left  breast.  The 
mass  was  somewhat  irregular  in  outline,  firm  but  not  rocky  hard,  and  non- 
tender.  There  was  no  sign  of  skin  involvement  or  deep  fixation.  No  other  mass 
was  palpable  in  either  breast  and  there  were  no  enlarged  lymph  nodes.  The 
remainder  of  the  physical  examination  was  not  contributory. 

Radiographic  examination  of  the  breasts  revealed  a  7  cm  ovoid  mass  in  the 
upper  central  portion  of  the  left  breast  (Figs.  1  and  2) .  Although  the  margins 
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were  not  grossly  irregular,  they  were  somewhat  ill-defined  and  not  sharp. 
There  was  no  infiltration  into  the  surrounding  tissues.  Skin  and  nipple  shad- 
ows were  normal.  No  abnormal  calcifications  were  present.  There  were  no  other 


Case  245,  Fig.  1.  Lateral  views  of  both  breasts  show  a  7  cm  ovoid  lesion  in  the  upper 
portion  of  the  left  breast.  The  margins  are  ill-defined.  There  is  no  infiltration  into  the 
surrounding  tissues.  No  abnormal  calcifications  are  present.  There  is  no  corresponding 
moss  in  the  right  breast.  The  breasts  are  otherwise  atrophic. 

masses.  In  the  differential  diagnosis  the  radiologist  excluded  a  simple  benign 
lesion  and  recognized  the  poor  margination  as  an  indication  of  a  malignant 
neoplasm  or  an  acute  inflammatorj^  process.  The  lack  of  surrounding  infiltra- 
tion excluded  the  usual  scirrhus  carcinoma  and  pointed  to  a  bulky,  cellular 
non-infiltrating  carcinoma,  a  less  common  variety.  An  outside  possibility  con- 
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si(l(>red  was  a  cystosarcoina  phylloidos.  The  history  did  not  suggest  an  acute 
inlhunniatory  process.  Routine  hil)oratory  studies  and  radiograpliic  examina- 
tion of  the  chest,  urinary  tract  and  entire  gastrointestinal  tract  were  normal. 

At  surgery,  a  biopsy  with  frozen  section  was  followed  by  simple  mastectomy. 
The  pathologist  reported  a  circumscribed  but  n()neiica])sulated  lesion  histo- 


Case  245,  Fig.  2.  Cranio-caudad  views  of  both  breasts  again  demonstrate  the  large 
lesion  in  the  left  breast. 

logically  typical  of  lymphocytic  lymphosarcoma.  Postoperatively  the  patient 
was  referred  for  radiation  therapy  to  the  lymph  node  bearing  areas  of  the  left 
breast. 

DISCUSSION 

Standard  reference  texts  of  general  pathology  (1),  surgical  pathology  (2) 
and  oncology  (3)  describe  the  occasional  occurrence  of  lymphosarcoma  within 
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the  breast.  The  lesion  may  be  localized  or  part  of  a  generalized  disease.  When 
localized,  surgery  is  reconunended  as  the  treatment  of  choice  (4)  but  there  is 
insufficient  material  in  the  literature  for  an  accurate  statistical  analysis. 

The  radiographic  appearance  of  lymphosarcoma  in  the  breast  is  not  well 
established.  No  reference  to  this  disease  is  made  by  Ingleby  and  Gershon-Cohen 
in  their  book  (5).  In  the  case  presented,  the  radiographic  features  mirror  the 
gross  pathology,  i.e.,  a  circumscribed  but  nonencapsulated  lesion.  Figures  1  and 

2  demonstrate  the  ill-defined  margins  of  the  lesion  which  exclude  the  radio- 
graphic diagnosis  of  a  simple  benign  lesion  such  as  a  cyst  or  fibroadenoma.  The 
absence  of  infiltration  indicates  a  lesion  growing  by  expansion.  The  asymmetry 
of  the  process  and  the  atrophic  nature  of  the  breasts  excludes  a  large  zone  of 
fibrocystic  hyperplasia.  A  localized  inflammatory  process  might  present  this 
picture,  but  the  skin  and  adjacent  breast  tissues  give  no  evidence  of  inflam- 
mation; further,  the  history  and  i:)hysical  findings  speak  against  the  diagnosis 
as  well.  Although  the  most  likely  radiographic  diagnosis  is  a  bulky,  cellular 
adenocarcinoma,  the  case  presented  emphasizes  that  lymphosarcoma  may 
produce  a  similar  picture  and  must  be  considered  in  the  differential  diagnosis 
despite  its  rarity. 

Case  Report:  Primary  lymphos.arcoma  of  the  brea.st 
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POST  BULBAR  DUODENAL  DIVERTICULA:  A  REPORT 
ANTD  DISCUSSION  OF  FOUR  CASES 

Diverticula  of  the  first  ]3ortion  of  the  duodenum  are  rare  and  usually  are 
situated  in  the  post  bulbar  region.  Up  to  1939,  Edwards  was  unal:)le  to  find  a 
single  proven  case  in  the  literature  (1).  It  is  now  believed  that  diverticula  of 
the  first  portion  of  the  duodenum  represent  less  than  3  per  cent  of  all  duodenal 
diverticula.  Many  of  the  outpouchings  described  in  the  region  of  the  bulb  repre- 
sent pseudodiverticula  associated  with  ulcers.  On  the  other  hand,  more  than  75 
per  cent  of  duodenal  diverticula  are  located  within  the  second  portion,  within 

3  cm  of  the  ampulla  of  Vater. 

Duodenal  diverticula  are  usually  of  the  false  type,  lacking  a  muscular  coat 
(2).  Although  their  etiology  is  not  clear,  they  are  probably  formed  by  a  muco- 
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sal  and  submucosal  cvagination  tln-o\igli  a  weakened  portion  of  the  muscular 
wall  (3).  In  the  first  segment  of  the  duotlenum,  diverticula  usually  present 
as  outpouchings,  arising  from  the  lateral  or  lesser  curvature  aspect  of  the 
superior  "knee"  of  the  duodenum  (Figs.  1,  2,  3).  Only  rarely  are  they  seen  as  a 
projection  along  the  greater  curvatm'e  of  the  first  part  of  the  duodenum  (4). 
They  are  almost  ncA'er  seen  to  arise  from  the  body  of  the  duodenal  bulb 


Fig.  2.  A  1  X  4  cm  diverticulum  extends  laterally  from  the  post  apical  portion  of  the 
duodenal  bulb  (arrow).  It  has  a  narrow  neck  and  contains  a  few  lucent  defects  which 
probably  represent  retained  material.  An  air  fluid  level  is  noted  in  the  diverticulum 
and  in  the  bulb.  The  latter  is  not  deformed. 

proper.  The  diverticula  vary  considerably  in  size,  but  are  usually  smaller  than 
the  duodenal  bulb  itself.  They  usually  assume  a  nuishroom-like  configuration 
with  a  narrow  neck  (Figs.  1,  2).  Fluoroscojiically,  they  can  be  seen  to  fill  and 
empty  with  striking  changes  in  size  and  configuration.  Mucosal  folds,  which 
are  continuous  with  those  of  the  main  j)ortion  of  the  duodenum,  can  frequently 
be  traced  into  the  neck  of  the  diverticulum  (Fig.  4).  On  occasion,  retained  food 
and  secretions  can  be  delineated  within  the  diverticulum  during  the  initial 
phases  of  the  roentgen  examination  (Fig.  3). 
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RADIOLOGICAL  NOTES 


Post  bulbar  diverticuhi  are  usually  an  incidental  finding  during  the  course  of 
an  upper  gastrointestinal  examination.  The  importance  of  tlieir  recognition  is 
thus  mainly  in  their  differentiation  from  ulcerations  within  the  duodenal  bulb 
and  post  bulbar  regions  (4).  As  noted  previously,  post  bulbar  diverticula 
change  in  size  and  configuration,  contain  normal  mucosal  folds  within  their 
necks  that  can  be  traced  into  the  adjacent  duodenum,  and  usually  project 
upwards  and  laterally  along  the  contour  of  the  superior  "knee"  of  the  duo- 
denum. The  duodenal  bulb  itself  is  not  deformed.  Post  bulbar  ulcers,  on  the 
other  hand,  typically  present  as  an  amorphous  barium  patch  which  does  not 


\ 


Fig.  4.  A  rounded  diverticulum  with  a  narrow  neck  (upper  arrow)  is  noted  to  arise 
from  the  inferior-greater  curvature-aspect  of  the  post  bulbar  region.  The  folds  can 
readily  be  traced  from  the  duodenum  through  the  neck  into  the  diverticulum.  The  duo- 
denal bulb,  whose  distal  half  can  be  seen  on  this  spot  film  (lower  arrow),  is  not  de- 
formed. 

change  in  size  or  configuration  during  the  examination.  The  folds  around  the 
crater  are  thickened  and  distorted  and  there  is  often  considerable  irritability 
of  the  adjacent  segments  of  the  duodenum.  The  apex  of  the  duodenal  bulb  is 
usually  narrowed  and  deformed  (Fig.  5) . 

Ordinary  pseudodiverticula  of  the  duodenal  bulb  are  usually  easily  recog- 
nizable when  proper  pressure  spot  films  are  available  and  a  constant  deformity 
of  the  bulb,  with  or  without  an  associated  crater,  is  demonstrated.  Often, 
pseudodiverticula  are  located  in  the  proximal  portion  of  the  bulb  and  can 
be  seen  along  either  or  both  curvatures.  These  pseudodiverticula  can  be  noted 
to  change  in  size  and  shape,  but  unlike  post  bulbar  diverticula  they  do  not 
contain  mucosal  folds. 


Fig.  5A.  There  is  an  amorphous  collection  of  barium  (arrow)  in  the  post  bulbar  region 
of  the  duodenum.  The  mucosal  folds  around  the  crater  are  thickened  and  distorted  and 
there  is  a  narrowing  of  the  apex  of  the  duodenal  bulb. 


Fig.  5B.  Pressure  spot  film  again  reveals  the  post  bulbar  crater  (arrow)  with  the 
surrounding  mucosal  thickening  and  distortion,  as  well  as  the  abnormal  filling  of  the 
adjacent  portion  of  the  descending  duodenum. 
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HADIOLOfilCAL  NOTES 


Giant  benign  ulcers  of  tlio  duodenal  bulb  arc  rare  and  occasionally  can 
mimic  post  bulbar  diverticula.  However,  when  the  ulcer  replaces  most  or  all  of 
the  bulb,  the  resultant  barium  containing  structure  is  noted  to  be  unchanging  in 
size  and  configuration  and  tlie  remaining  portion  of  the  bulb  is  markedly  de- 
formed (5)  (Fig.  6).  The  duodenal  folds  in  tlie  adjacent  portions  are  effaced 
and  distorted  and  the  barium  assumes  an  amorphous  character. 

SUMMARY 

The  cluxracteristics  of  post  bulbar  diverticula  are  described  and  their  dif- 
ferentiation from  post  bulbar  ulcers,  giant  benign  duodenal  ulcers,  and  pseudo- 
diverticula  of  the  bulb  is  discussed.  Four  cases  are  presented. 
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